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(54) ELECTRONIC APPARATUS AND CONTROLLING METHOD THEREOF

(57) An electronic apparatus is provided. The elec-
tronic apparatus includes a microphone and a processor
configured to, based on a second sound including a first
sound of an audio signal being received through the mi-
crophone, obtain a noise about the electronic apparatus

based on the audio signal and the second sound, obtain
an enduring component of the noise, and based on the
enduring component being equal to or greater than a
threshold value, process the audio signal.
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Description

CROSS-REFERENCE TO RELATED APPLICA-
TION(S)

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2019-0150741, filed in the Korean
Intellectual Property Office on November 21, 2019, the
disclosure of which is incorporated herein by reference.

BACKGROUND

1. Field

[0002] Embodiments of the disclosure relate to an elec-
tronic apparatus and a controlling method thereof and
more particularly, to an electronic apparatus that proc-
esses an audio signal and a controlling method thereof.

2. Description of Related Art

[0003] Recently, various multimedia devices have
been developed to provide various contents and experi-
ences to users. In particular, multimedia devices are
aimed to provide users with better image quality and
sound quality. Therefore, multimedia devices are
equipped with complicated and diverse functions related
to audio reproduction. For example, multimedia devices
are equipped with various equalizers, stereoscopic
sound and effect sound functions.
[0004] Despite such functions, noise may cause inter-
ference when users view a multimedia content, and the
users may not recognize the sound of the multimedia
content.
[0005] Accordingly, there is a need for an electronic
apparatus that effectively adjusts an audio signal accord-
ing to a noise state.

SUMMARY

[0006] One or more embodiments of the disclosure
provide an electronic apparatus for improving a trans-
mission power of an audio signal and a controlling meth-
od thereof.
[0007] According to an aspect of an example embod-
iment, provided is an electronic apparatus including: a
microphone; and a processor configured to: based on a
second sound, including a first sound of an audio signal,
being received through the microphone, obtain a noise
about the electronic apparatus based on the audio signal
and the second sound; obtain an enduring component
of the noise; and based on the enduring component being
equal to or greater than a threshold value, process the
audio signal.
[0008] The processor may be further configured to: ob-
tain a plurality of noises corresponding to a plurality of
time sections based on the audio signal and the second
sound; and obtain an enduring component of a first time

section, among the plurality of time sections, that is a
most recent time section based on the plurality of noises.
[0009] The processor may be further configured to ob-
tain a plurality of powers respectively corresponding to
the plurality of noises, and obtain a power having a small-
est value from among the plurality of powers as the en-
during component of the first time section.
[0010] The electronic apparatus may further include:
a memory configured to store information on the plurality
of powers, wherein the processor is further configured
to: obtain a noise in a second time section, the second
time section being immediately after the first time section;
obtain a power of the second time section based on the
noise in the second time section; and obtain, as an en-
during component of the second time section, a power
having a smallest value from powers excluding a power
of an oldest time section from among the plurality of pow-
ers stored in the memory and a power of the second time
section.
[0011] The processor may be further configured to:
store the power of the second time section in the memory;
and delete the power of the oldest time section from
among the plurality of powers stored in the memory.
[0012] The electronic apparatus may further include a
speaker, and the processor may be further configured to
output the first sound through the speaker.
[0013] The processor may be further configured to: ob-
tain a predicted sound corresponding to the audio signal
by applying an adaptive filter to the audio signal; and
obtain the noise by subtracting the predicted sound from
the second sound, wherein the adaptive filter is obtained
based on a relation between an output sound of the
speaker and an input sound of the microphone.
[0014] The processor may be further configured to
change the threshold value based on at least one of the
first sound, the second sound, the predicted sound, or
the noise.
[0015] The processor may be further configured to:
based on the enduring component being equal to or
greater than the threshold value, process the audio signal
by performing at least one of channel redistribution of the
audio signal, gain adjustment of at least one of a plurality
of channels, or enhancement of a voice component; and
output a third sound corresponding to the processed au-
dio signal.
[0016] The processor may be further configured to,
based on an enduring component obtained while the third
sound is output being less than the threshold value, stop
or change processing of the audio signal.
[0017] According to an aspect of an example embod-
iment, provided is a method of controlling an electronic
apparatus, including: receiving a second sound, includ-
ing a first sound of an audio signal; obtaining a noise
about the electronic apparatus based on the audio signal
and the second sound; obtaining an enduring component
based on the noise; and based on the enduring compo-
nent being equal to or greater than a threshold value,
processing the audio signal.
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[0018] The obtaining the noise may include obtaining
a plurality of noises corresponding to a plurality of time
sections based on the audio signal and the second
sound, and the obtaining the enduring component may
include obtaining an enduring component of a first time
section, among the plurality of time sections, that is a
most recent time section based on the plurality of noises.
[0019] The obtaining an enduring component may in-
clude obtaining a plurality of powers respectively corre-
sponding to the plurality of noises, and obtaining a power
having a smallest value from among the plurality of pow-
ers as the enduring component of the first time section.
[0020] The method may further include: obtaining a
noise in a second time section, the second time section
being immediately after the first time section; obtaining
a power of the second time section based on the noise
in the second time section; and obtaining, as an enduring
component of the second time section, a power having
a smallest value from powers excluding a power of an
oldest time section from among the plurality of powers
and a power of the second time section.
[0021] The method may further include: storing the
power of the second time section in a memory of the
electronic apparatus; and deleting the power of the oldest
time section from among the plurality of powers stored
in the memory.
[0022] The method may further include outputting the
first sound through a speaker of the electronic apparatus.
[0023] The obtaining the noise may include: obtaining
a predicted sound corresponding to the audio signal by
applying an adaptive filter to the audio signal; and ob-
taining the noise by subtracting the predicted sound from
the second sound, wherein the adaptive filter is obtained
based on a relation between an output sound of the
speaker and an input sound of a microphone of the elec-
tronic apparatus.
[0024] The obtaining the noise further may include
changing the threshold value based on at least one of
the first sound, the second sound, the predicted sound,
or the noise.
[0025] The processing the audio signal may include
performing at least one of channel redistribution of the
audio signal, gain adjustment of at least one of a plurality
of channels, or enhancement of a voice component, the
method further including outputting a third sound corre-
sponding to the processed audio signal.
[0026] The method may further include based on an
enduring component obtained while the third sound is
output being less than the threshold value, stopping or
changing the processing the audio signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other aspects, features, and ad-
vantages of certain embodiments of the present disclo-
sure will be more apparent from the following description
taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a block diagram illustrating a configuration
of an electronic apparatus according to an embodi-
ment;

FIG. 2 is a view to explain a method of obtaining an
enduring component according to an embodiment;

FIGS. 3A, 3B, 3C, and 3D are views to explain an
operation of obtaining a noise according to an em-
bodiment;

FIGS. 4A, 4B, 4C, and 4D are views to explain a
method of obtaining an enduring component accord-
ing to an embodiment;

FIGS. 5A, 5B, 5C, 5D, 5E, and 5F are views to explain
whether to process an audio signal based on an en-
during component according to an embodiment;

FIG. 6 is a flowchart to explain a method of identifying
an effective noise according to an embodiment;

FIG. 7 is a view to explain a method of processing
an audio signal according to an embodiment; and

FIG. 8 is a flowchart to explain a method of controlling
an electronic apparatus according to an embodi-
ment.

DETAILED DESCRIPTION

[0028] Hereinafter, certain embodiments according to
the disclosure will be described in detail with reference
to the accompanying drawings. The example embodi-
ments of the present disclosure may be diversely modi-
fied. Accordingly, while specific example embodiments
are illustrated in the drawings and are described in detail
in the detailed description, it is to be understood that the
present disclosure is not limited to a specific embodi-
ment, but includes all modifications, equivalents, and
substitutions without departing from the scope and spirit
of the present disclosure. Also, well-known functions or
constructions are not described in detail since they would
obscure the disclosure with unnecessary detail.
[0029] General terms that are currently widely used
were selected as terms used in embodiments of the dis-
closure in consideration of functions in the disclosure,
but may be changed depending on the intention of those
skilled in the art or a judicial precedent, the emergence
of a new technique, and the like. In addition, in a specific
case, terms arbitrarily chosen by an applicant may exist.
In this case, the meaning of such terms will be mentioned
in detail in a corresponding description portion of the dis-
closure. Therefore, the terms used in embodiments of
the disclosure are to be defined on the basis of the mean-
ing of the terms and the contents throughout the disclo-
sure rather than simple names of the terms.
[0030] In the specification, an expression "have", "may
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have", "include", "may include", or the like, indicates ex-
istence of a corresponding feature (for example, a nu-
merical value, a function, an operation, a component
such as a part, or the like), and does not exclude exist-
ence of an additional feature.
[0031] Expressions such as "at least one of A and B",
"at least one of A or B", and "at least one of A and/or B"
are to be understood to represent "A" or "B" or "any one
of A and B".
[0032] Expressions "first", "second", or the like, used
in the specification may indicate various components re-
gardless of a sequence and/or importance of the com-
ponents, will be used only to distinguish one component
from the other components, and do not limit the corre-
sponding components.
[0033] Singular forms are intended to include plural
forms unless the context clearly indicates otherwise. It
will be further understood that terms "include" or "formed
of" used in the specification specify the presence of fea-
tures, numerals, steps, operations, components, parts,
or combinations thereof mentioned in the specification,
but do not preclude the presence or addition of one or
more other features, numerals, steps, operations, com-
ponents, parts, or combinations thereof.
[0034] In the disclosure, a term "user" may refer to a
person using an electronic apparatus or an apparatus
(for example, an artificial intelligence electronic appara-
tus) using an electronic apparatus.
[0035] Hereinafter, an embodiment of the disclosure
will be described in detail with reference to the accom-
panying drawings.
[0036] FIG. 1 is a block diagram illustrating a configu-
ration of an electronic apparatus 100 according to an
embodiment.
[0037] The electronic apparatus 100 is an apparatus
that processes an audio signal, and may be an apparatus
such as a television (TV), a desktop personal computer
(PC), a notebook computer, a smartphone, a tablet PC,
smart glasses, a smart watch, a set-top box (STB), a
computer main body, etc. However, the electronic appa-
ratus 100 is not limited thereto, and may be any apparatus
capable of processing an audio signal.
[0038] Referring to FIG. 1, the electronic apparatus
100 includes a microphone 110 and a processor 120.
However, the electronic apparatus 100 is not limited
thereto, and the electronic apparatus 100 may be imple-
mented in a form in which some components are exclud-
ed.
[0039] The microphone 110 is configured to receive a
sound and convert the sound into an audio signal. The
microphone 110 may be electrically connected to the
processor 120, and receive a sound under the control of
the processor 120. Here, the sound may include a sound
generated from at least one of the electronic apparatus
100 and one or more external apparatuses around the
electronic apparatus 100 and may include a noise around
or about the electronic apparatus 100.
[0040] In an embodiment, the microphone 110 may be

formed to be integrated with the electronic apparatus
100, for example, in an upper portion of the electronic
apparatus 100, in a front portion of the electronic appa-
ratus 100, a lateral portion of the electronic apparatus
100, etc. Alternatively, the microphone 110 may be pro-
vided in a remote controller separate from the electronic
apparatus 100. In this case, the remote controller may
receive a sound through the microphone 110, and pro-
vide the received sound to the electronic apparatus 100.
[0041] The microphone 110 may include various com-
ponents such as a microphone for collecting a sound in
an analog form, an amplifier circuit for amplifying the col-
lected sound, an analog to digital (A/D) conversion circuit
for sampling the amplified sound and converting the sam-
pled sound into a digital signal, a filter circuit for removing
a noise component from the converted digital signal, etc.
[0042] The microphone 110 may include a plurality of
sub microphones. For example, the microphone 110 may
include sub microphones in front, rear, left and right por-
tions of the electronic apparatus 100, respectively. How-
ever, the microphone 110 is not limited thereto, and the
electronic apparatus 100 may include only one micro-
phone 110.
[0043] The microphone 110 may be implemented in
the form of a sound sensor.
[0044] The processor 120 controls the overall opera-
tions of the electronic apparatus 100.
[0045] According to an embodiment, the processor
120 may be implemented as a digital signal processor
(DSP), a microprocessor, and/or a time controller
(TCON). However, the processor 120 is not limited there-
to, and may be configured to include one or more of a
central processing unit (CPU), a micro controller unit
(MCU), a micro processing unit (MPU), a controller, an
application processor (AP) or a communication proces-
sor (CP), or an advanced reduced instruction set com-
puter (RISC) machines (ARM) processor, or may be de-
fined as the corresponding term. In addition, the proces-
sor 120 may be implemented as a system on chip or a
large scale integration (LSI) embedded with a processing
algorithm, or in the form of a field programmable gate
array (FPGA).
[0046] The processor 120 may receive a second sound
including a first sound of an audio signal through the mi-
crophone 110. For example, the processor 120 may re-
ceive, through the microphone 110, the second sound
including the first sound output from the electronic appa-
ratus 100. In this case, the electronic apparatus 100 may
further include a speaker (not illustrated), and the proc-
essor 120 may output the first sound through the speaker.
Alternatively, the processor 120 may receive, through
the microphone, the second sound including the first
sound output from one or more external electronic appa-
ratuses. For example, the electronic apparatus 100 may
be an apparatus such as a set-top box, which provides
an audio signal to a TV or a speaker so that the first sound
corresponding to the audio signal is output.
[0047] Here, the audio signal means data stored in the
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electronic apparatus 100 and/or one or more external
electronic apparatuses, and the electronic apparatus 100
may store the audio signal not only when the electronic
apparatus 100 directly outputs the first sound but also
when the first sound is output from one or more external
electronic apparatuses. The first sound corresponds to
a signal output through a speaker, etc., and the second
sound may include the first sound and a noise around or
about the electronic apparatus 100.
[0048] When the second sound is received, the proc-
essor 120 may obtain a noise around or about the elec-
tronic apparatus 100 based on an audio signal and the
second sound. For example, when the second sound is
received, the processor 120 may obtain a noise around
or about the electronic apparatus 100 by removing a
sound component corresponding to the audio signal from
the second sound. For example, the processor 120 may
obtain a predicted sound corresponding to the audio sig-
nal by applying an adaptive filter to the audio signal, and
obtain a noise by differentiating the predicted sound from
the second sound. Here, the adaptive filter may be a filter
obtained based on a relationship between an output
sound of a speaker and an input sound input to the mi-
crophone 110.
[0049] However, the present disclosure is not limited
thereto, and the processor 120 may obtain a noise around
or about the electronic apparatus 100 by using any other
methods based on the audio signal and the second
sound.
[0050] The processor 120 may obtain a plurality of
noises in a predetermined time unit based on the audio
signal and the second sound. For example, when the
second sound is received, the processor 120 may obtain
a noise around or about the electronic apparatus 100 by
removing a sound component corresponding to the audio
signal from the second sound in units of time of 64 ms.
In other words, the processor 120 may obtain a noise
during a first time section by removing a sound compo-
nent corresponding to the audio signal from the second
sound received during the first time section of 64ms. Sub-
sequently, the processor 120 may obtain a noise during
a second time section by removing a sound component
corresponding to the audio signal from the second sound
received during the second time section of 64ms imme-
diately after the first time section. Here, the sound com-
ponent corresponding to the audio signal in a time section
may be a sound component received during the same
time section. The processor 120 may obtain a plurality
of noises corresponding to a plurality of time sections by
repeating the above-described operation.
[0051] The processor 120 may obtain an enduring
component corresponding to a noise that endures around
or about the electronic apparatus 100 based on the noise.
For example, the processor 120 may obtain a plurality of
noises in a predetermined time unit (or a time section),
and obtain an enduring component of the first time sec-
tion which is the most recent time section based on one
of the plurality of noises.

[0052] For example, the processor 120 may calculate
a plurality of powers corresponding to a plurality of nois-
es, and obtain a power having the smallest value from
among the plurality of powers as an enduring component
of the first time section.
[0053] Here, the electronic apparatus 100 may further
include a memory (not illustrated), and the processor 120
may store information on the plurality of powers in a mem-
ory. The processor 120 may obtain a noise in the second
time section immediately after the first time section, cal-
culate a power of the second time section based on a
noise of the second time section, and obtain a power
having the smallest value from powers while excluding
a power of the oldest time section from among the plu-
rality of powers stored in the memory and the power of
the second time section as an enduring component of
the second time section.
[0054] When the power of the second time section is
calculated, the processor 120 may store the power of the
second time section in the memory, and delete the power
of the oldest time section from among the plurality of pow-
ers stored in the memory.
[0055] Here, a number of powers to be stored in the
memory may be preset, for example, 15, and when a
new time section arrives, a newly calculated power cor-
responding to the new time section may be additionally
stored, and the power of the oldest time section may be
deleted.
[0056] However, the present disclosure is not limited
thereto, and the processor 120 may obtain an enduring
component in any other methods. For example, the proc-
essor 120 may obtain an enduring component based on
at least one of a pattern or a period of the plurality of
noises. Alternatively, the processor 120 may obtain an
enduring component based on a frequency of the plurality
of noises. For example, the processor 120 may divide
each of the plurality of noises into a plurality of frequency
sections, and obtain an enduring component based on
a power of each of the plurality of frequency sections.
[0057] The processor 120 may process an audio signal
based on an enduring component when the enduring
component is equal to or greater than a threshold value.
For example, if an enduring component is equal to or
greater than a threshold value, the processor 120 may
perform at least one of channel redistribution of the audio
signal, gain control of at least one of a plurality of channels
or enhancement of a voice component, and output a third
sound corresponding to the processed audio signal
through a speaker.
[0058] Here, the processor 120 may change the
threshold value based on at least one of the first sound,
the second sound, a predicted sound or a noise. For ex-
ample, the processor 120 may increase the size of the
threshold value based on the size of the second sound.
Various examples thereof will be described later with ref-
erence to the corresponding drawings.
[0059] If a subsequent enduring component obtained
while outputting the third sound is less than the threshold
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value, the processor 120 may stop or change the
processing performed to obtain the third sound. For ex-
ample, if a previous enduring component is equal to or
greater than the threshold value, the processor 120 may
output the third sound in which a voice component is
enhanced. If a newly obtained enduring component is
less than the threshold value, the operation of enhancing
the voice component may be stopped. Alternatively, if
the threshold value that was equal to or less than the
previous enduring component is updated to be greater
than the previous enduring component, the processor
120 may stop the operation of enhancing the voice com-
ponent.
[0060] The function related to an artificial intelligence
according to an embodiment is operated through the
processor 130 and the memory.
[0061] The processor 120 may be implemented as one
or a plurality of processors. The one processor or the
plurality of processors may be a general-purpose proc-
essor such as a CPU, an AP, a Digital Signal Processor
(DSP), etc., a graphic-only processor such as a graphics
processing unit (GPU), and a vision processing unit
(VPU), or an artificial intelligence (Al)-only processor
such as a neural processing unit (NPU).
[0062] The one processor or the plurality of processors
control to process input data according to a pre-defined
operation rule or an artificial intelligence model stored in
the memory. If the one processor or the plurality of proc-
essors are an Al-only processor, the Al-only processor
may be designed in a hardware structure specialized for
processing a specific artificial intelligence model. The
pre-defined operation rule or the artificial intelligence
model is characterized by being created through learn-
ing.
[0063] Here, being created through learning means
that a pre-defined operation rule or an artificial intelli-
gence model is created to perform a desired character-
istic (or purpose) as a basic artificial intelligence model
is trained by a learning algorithm using a plurality of learn-
ing data. Such learning may be conducted in an appara-
tus itself where artificial intelligence according to an em-
bodiment is performed, or may be conducted through a
separate server and/or system. The examples of the
learning algorithm include supervised learning, unsuper-
vised learning, semi-supervised learning or reinforce-
ment learning, but are not limited thereto.
[0064] The artificial intelligence model may include a
plurality of neural network layers. Each of the plurality of
neural network layers has a plurality of weight values,
and performs a neural network operation through oper-
ation between a result of operation of the previous layer
and the plurality of weight values. The plurality of weight
values of the plurality of neural network layers may be
optimized by a learning result of the artificial intelligence
model. For example, the plurality of weight values may
be updated so that a loss value or a cost value obtained
from the artificial intelligence model during the learning
process is reduced or minimized.

[0065] The artificial neural network may include a deep
neural network (DNN) and may be, for example, a con-
volutional neural network (CNN), a deep neural network
(DNN), a recurrent neural network (RNN), a restricted
Boltzmann machine (RBM), a deep belief network (DBN),
a bidirectional recurrent deep neural network (BRDNN),
a deep Q-network, etc. However, the artificial neural net-
work is not limited to the above-mentioned examples.
[0066] The electronic apparatus 100 may further in-
clude a memory, a display, and a communication inter-
face.
[0067] The memory may store an audio signal, an
adaptive filter, an artificial intelligence model, etc. In ad-
dition, the memory may store various modules for obtain-
ing an enduring component, various modules for
processing an audio signal, etc.
[0068] The memory may be implemented as a non-
volatile memory, a volatile memory, etc., but is not limited
thereto. For example, a hard disk may be used instead
of a memory, and any component capable of storing data
may be used.
[0069] The display may be implemented in various
forms such as a liquid crystal display (LCD), an organic
light emitting diode (OLED) display, a plasma display
panel (PDP), etc. The display my also include a driving
circuit that may be implemented in the form of an amor-
phous silicon (a-Si) thin film transistor (TFT), a low tem-
perature poly silicon (LTPS) TFT, an organic TFT (OT-
FT), etc., a backlight unit, etc. The display may be imple-
mented as a touch screen in combination with a touch
sensor, a flexible display, a three-dimensional (3D) dis-
play, etc.
[0070] The communication interface is configured to
perform communication with various types of external
devices according to various types of communication
methods. The communication interface includes a wire-
less fidelity (Wi-Fi) module, a Bluetooth module, an in-
frared communication module, a wireless communica-
tion module, etc. Here, each communication module may
be implemented in the form of at least one hardware chip.
[0071] The processor 120 may perform communica-
tion with various external devices using the communica-
tion interface. Here, the external devices may include a
remote control device such as a remote controller, a dis-
play device such as a TV, an external server, a Bluetooth
earphone etc.
[0072] The Wi-Fi module and the Bluetooth module
perform communication through a Wi-Fi method and a
Bluetooth method, respectively. When using the Wi-Fi
module or the Bluetooth module, various connection in-
formation such as a service set identifier (SSID), a ses-
sion key, etc. are exchanged to establish communication
between the Wi-Fi module and the Bluetooth module,
and various information may be transmitted and received
based on the established communication.
[0073] The infrared communication module performs
communication according to an infrared Data Associa-
tion (IrDA) technology using infrared light which lies be-
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tween visible light and millimeter waves for short-dis-
tance wireless data transmission.
[0074] The wireless communication module may in-
clude at least one communication chip that performs
communication according to various wireless communi-
cation standards such as Zigbee, 3rd generation (3G),
3rd generation partnership project (3GPP), long term ev-
olution (LTE), LTE Advanced (LTE-A), 4th generation
(4G), and 5th generation (5G), other than the above-de-
scribed communication methods.
[0075] In addition, the communication interface may
include at least one of a local area network (LAN) module,
an Ethernet module, or a wired communication module
that performs communication by using a pair cable, a
coaxial cable, an optical fiber cable, or the like.
[0076] The communication interface may further in-
clude an input/output interface. The input/output inter-
face may be one of a high definition multimedia interface
(HDMI), a mobile high-definition link (MHL), a universal
serial bus (USB), a display port (DP), thunderbolt, a video
graphics array (VGA) port, an RGB port, a D-subminia-
ture (D-SUB), and a digital visual interface (DVI).
[0077] The input/output interface may input/output at
least one of an audio signal or a video signal.
[0078] According to an embodiment, the input/output
interface may include a port for inputting/outputting only
an audio signal and a port for inputting/outputting only a
video signal, or may be implemented as one port that
inputs/outputs both an audio signal and a video signal.
[0079] As described above, the electronic apparatus
100 may obtain an enduring component corresponding
to an enduring noise around or about the electronic ap-
paratus 100 from a received sound, and process an audio
signal based on the enduring component.
[0080] Hereinafter, the operation of the processor 120
will be described in greater detail with reference to draw-
ings. In the following drawings, individual embodiments
will be described for convenience of explanation. How-
ever, the individual embodiments in the drawings may
be implemented in any combination.
[0081] FIG. 2 is a view to explain a method of obtaining
an enduring component according to an embodiment.
[0082] As illustrated in FIG. 2, an enduring component
acquisition module 210 includes an ambient sound/out-
put sound separation module, an enduring component
extraction module, and an effective noise determination
module, and the enduring component acquisition module
210 may provide information regarding an enduring com-
ponent to a sound processing module 220.
[0083] The ambient sound/output sound separation
module may separate an ambient sound (or noise) and
an output sound from the second sound received from
the microphone 110. Here, the second sound may be a
sound including the first sound output through a speaker
of the electronic apparatus 100 and a noise around or
about the electronic apparatus 100. For example, the am-
bient sound/output sound separation module may be im-
plemented as an adaptive filter or a filter using an artificial

intelligence model.
[0084] The enduring component extraction module
may determine whether a noise is enduring (or persist-
ent), and obtain an enduring component corresponding
to an enduring noise. For example, the enduring compo-
nent extraction module may remove an instantaneous
noise, and obtain only an enduring component corre-
sponding to an enduring noise. Based on such an oper-
ation, the electronic apparatus 100 may be controlled
according to an enduring noise (e.g., controlled to be
insensitive to an instantaneous noise and sensitive to an
enduring noise).
[0085] The enduring component extraction module
may be implemented as a low-pass filter. Alternatively,
the enduring component extraction module may be con-
figured to obtain a plurality of noises corresponding to
each of a plurality of time sections, and obtain a power
of the smallest value from among a plurality of powers
corresponding to the plurality of noises as an enduring
component.
[0086] The effective noise determination module may
perform a function of identifying whether an enduring
component interferes with a user’s hearing. For example,
if an enduring component is greater than an output sound,
the effective noise determination module may determine
that the enduring component interferes with a user’s
hearing so that the sound processing module 220 may
process an audio signal. In this case, the effective noise
determination module may provide information that the
enduring component interferes with the user’s hearing
and a degree of interference to the sound processing
module 220.
[0087] The sound processing module 220 may output
a sound by processing an audio signal based on infor-
mation regarding an enduring component. The sound
processing module 220 may perform voice component
enhancement of the audio signal based on the enduring
component.
[0088] Hereinafter, the operation of each module will
be described in greater detail.
[0089] FIGS. 3A to 3D are views to explain an operation
of obtaining a noise according to an embodiment. For
convenience of explanation, it is described that the elec-
tronic apparatus 100 outputs the first sound correspond-
ing to an audio signal (u) through a speaker 310 and
receives the second sound through the microphone 110.
In addition, it is described that the processor 120 obtains
a noise by classifying a sound in time units of 64ms.
[0090] Firstly, as illustrated in FIG. 3A, the processor
120 may obtain a predicted sound signal (y) correspond-
ing to the audio signal (u) by applying an adaptive filter
to the audio signal (u), which may be expressed as fol-
lows.

[0091] Here, w may be a filter coefficient of the adaptive
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filter, which is a known technology. Thus, detailed de-
scription will be omitted.
[0092] The processor 120 may obtain a noise (e) by
differentiating the predicted sound signal (y) from the au-
dio signal (d) corresponding to the second sound re-
ceived through the microphone 110 (or sound sensor),
which may be expressed as follows.

[0093] In the same manner as above, the processor
120 may obtain the audio signal (d) received through the
microphone or the sound sensor, the predicted sound
signal (y) and the noise (e), and examples of signals (d),
(y) and (e) are illustrated in FIGS. 3B to 3D.
[0094] However, this is only an example, and there
may be various methods of identifying a noise from a
sound.
[0095] FIGS. 4A to 4D are views to explain a method
of obtaining an enduring component according to an em-
bodiment. For convenience of explanation, it is described
that the processor 120 obtains a noise by classifying a
sound in time units of 64ms, and determines an enduring
component using data of 15 time sections. In this case,
a minimum of 15 x 64 ms = 960 ms of a sound may be
required to determine an enduring component.
[0096] FIGS. 4A, 4B, and 4C illustrate example em-
bodiments of signals (d), (y) and (e), and FIG. 4C illus-
trates a cleaner sound 410 in a section of 6∼12 seconds
and three clapping sounds 420 in a section of 17∼20 sec-
onds. The same method of acquiring the signals (d), (y)
and (e) as described in FIGS. 3A to 3D may be used.
[0097] The processor 120 may obtain a plurality of
noises in predetermined time units based on an audio
signal and the second sound, and obtain an enduring
component of the first time section which is the most re-
cent time section based on one of the plurality of noises.
The processor 120 may calculate a plurality of powers
respectively corresponding to the plurality of noises, and
obtain a power of the smallest value from among the
plurality of powers as an enduring component of the first
time section.
[0098] Subsequently, the processor 120 may obtain a
noise in the second time section immediately after the
first time section, calculate a power of the second time
section from a noise of the second time section, and ob-
tain a power of the smallest value from among powers
excluding a power of the oldest time section and the pow-
er of the second time section from among the plurality of
powers as an enduring component of the second time
section. When the power of the second time section is
calculated, the processor 120 may store the power of the
second time section in the memory 110, and delete the
power of the oldest time section from among the plurality
of powers stored in the memory 110.
[0099] The processor 120 repeats such an operation
whenever a new time section of the second sound ar-

rives, and obtain an enduring component of each time
section. FIG. 4D represents an enduring component ob-
tained based on examples of signals (d), (y), (e) as in
FIGS. 4A to 4C. In other words, the processor 120 may
detect a cleaner sound 410 in the section of 6~12 sec-
onds in which a continuous enduring component of a
noise is included, and exclude three clapping sounds 420
in the section of 17∼20 seconds which are an instanta-
neous noise from the enduring component.
[0100] FIGS. 5A to 5F are views to explain whether to
process an audio signal based on an enduring compo-
nent according to an embodiment. For convenience of
explanation, FIGS. 5A, 5B, and 5C illustrate the same
examples in FIGS. 3B, 3C, and 3D, respectively. In ad-
dition, it is described that the audio signal is processed
in response to an enduring component being identified
as an effective noise.
[0101] The processor 120 may process an audio signal
based on an enduring component. For example, if the
enduring component is equal to or greater than a thresh-
old value, the processor 120 may identify the enduring
component as an effective noise and process the audio
signal based on the enduring component. Alternatively,
the processor 120 may process the audio signal by com-
paring the enduring component with an output sound. In
other words, if it is identified that the enduring component
interferes with a user’s hearing according to a predeter-
mined standard (e.g., if the enduring component is iden-
tified as an effective noise), the processor 120 may proc-
ess the audio signal. The specific description regarding
whether to process an audio signal will be provided later
with reference to FIG. 6. However, this is only an exam-
ple, and whether to process an audio signal may be de-
termined in various methods.
[0102] FIG. 5D is a view illustrating an enduring com-
ponent in a dotted line and an output sound in a solid line
according to an embodiment. FIG. 5E illustrates a case
in which an effective noise is 1 and a non-effective noise
is 0, which will be described later with reference to FIG. 6.
[0103] FIG. 5F is a view illustrating comparison be-
tween an input (dotted line) and an output (solid line) of
an audio signal. FIG. 5F represents a result of channel
redistribution and frequency enhancement processing
for improving a transmission power, without increasing
a volume of the audio signal. There may be a volume
level increase after processing the audio signal, but the
level of the audio signal may be limited to be within 6 dB.
[0104] FIG. 6 is a flowchart to explain a method of iden-
tifying an effective noise according to an embodiment.
For convenience of explanation, a plurality of time sec-
tions used to obtain an enduring component correspond-
ing to an enduring noise will be described as a block.
[0105] The processor 120 may obtain relevant infor-
mation (S610). For example, the processor 120 may ob-
tain a first sound (EPspk(n)), a second sound (EPmic(n)),
an expected sound (or predicted sound) (EPref(n)), and
a noise (EPamb(n)) of an n-th time section, and set a
threshold value TH. After the threshold value TH is set,
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the threshold value TH may be updated. The first sound
may be a sound obtained through a speaker, and the
second sound may be a sound received through a mi-
crophone or a sound sensor.
[0106] The processor 120 may store EPspk(n)/EPref(n)
as TMP1, store EPspk(n)/EPmic(n) as TMP2 (or a non-
effective noise), and store EPamb(n)/EPmic(n) as TMP3
(or an effective noise).
[0107] The processor 120 may identify whether the
second sound EPmic(n) corresponding to the n-th time
section is smaller than K1 (S620). If the second sound
EPmic(n) is smaller than K1, the processor 120 may iden-
tify that the n-th time section is not an effective noise
section (S650-1). That is, the processor 120 may deter-
mine that the second sound received through the micro-
phone 110 is very small, and there is no need to process
an audio signal. K1 may be a predetermined value. In
another example, the processor 120 may compare the
second sound EPmic(n) with the noise EPamb(n) or the
first sound EPspk(n) other than K1.
[0108] If the second sound EPmic(n) is not smaller than
K1, the processor 120 may identify whether the noise
EPamb(n) is smaller than the threshold value TH or wheth-
er TMP3 is smaller than K2 (S630). If the noise EPamb(n)
is smaller than the threshold value TH or TMP3 is smaller
than K2, the processor 120 may identify that the n-th time
section is not an effective noise section (S650-1). That
is, the processor 120 may determine that the noise is
very small, and there is no need to process the audio
signal. K2 may be a predetermined value.
[0109] If the noise EPamb(n) is not smaller than the
threshold value TH or TMP3 is not smaller than K2, the
processor 120 may identify whether the noise EPamb(n)
is equal to or greater than the threshold value TH (S640).
If the noise EPamb(n) is less than the threshold value TH,
the processor 120 may identify that the n-th time section
is not an effective noise section (S650-1). That is, the
processor 120 may determine that the noise is very small,
and there is no need to process the audio signal. In ad-
dition, the processor 120 may identify whether the noise
is significant by further considering whether TMP2 is
close to 0 and TMP3 is close to 1.
[0110] If the noise EPamb(n) is less than the threshold
value TH, the processor 120 may identify that the n-th
time section is not an effective noise section (S650-1). If
the noise EPamb(n) is equal to or greater than the thresh-
old value TH, the processor 120 may identify that the n-
th time section is an effective noise section (S650-2).
[0111] When it is identified that the n-th time section is
not an effective noise section, the processor 120 may
identify whether TMP1 is between the maximum value
and the minimum value in a block (S660). If it is identified
that TMP1 is between the maximum and the minimum
values in a block, the processor 120 may adjust the
threshold value TH based on EPspk(n) (S670), and input
TMP1 to the block. If it is identified that TMP1 is not be-
tween the maximum and the minimum values in the block,
the processor 120 may skip adjusting the threshold value

TH based on EPspk(n), and input TMP1 to the block
(S680).
[0112] If it is identified that the n-th time section is an
effective noise section, the processor 120 may input
TMP1 to the block (S680).
[0113] The processor 120 may identify an effective
noise section by repeating the above operation for each
time section.
[0114] FIG. 7 is a view to explain a method of process-
ing an audio signal according to an embodiment. The
operation of the enduring component acquisition module
210 has been described above and thus, overlapping
description will be omitted.
[0115] If an audio signal includes a stereo or a plurality
of channels, the processor 120 may distinguish a channel
(or main channel) that is important for a transmission
power and a channel (or sub channel) that is not impor-
tant, through channel redistribution, and emphasize a
band that may strengthen a transmission power of a sig-
nal of a channel that is important for the transmission
power. In other words, the processor 120 may strengthen
the transmission power of the audio signal without in-
creasing the volume of the audio signal.
[0116] Subsequently, the processor 120 may output a
sound by recombining a plurality of channels.
[0117] Alternatively, the processor 120 may strength-
en the transmission power of the audio signal by reflect-
ing a location of a user. For example, if the location of
the user is within a predetermined distance from the elec-
tronic apparatus 100, the processor 120 may strengthen
the transmission power of the audio signal to a first level,
and if the location of the user is outside the predetermined
distance from the electronic apparatus 100, the proces-
sor 120 may strengthen the transmission power of the
audio signal to a second level which is greater than the
first level. In addition or alternatively, the processor 120
may strengthen the transmission power of the audio sig-
nal differently for each frequency of the audio signal.
[0118] FIG. 8 is a flowchart to explain a controlling
method of an electronic apparatus according to an em-
bodiment.
[0119] Firstly, the second sound including the first
sound of an audio signal is received (S810). The first
sound may be a sound obtained through a speaker, and
the second sound may be a sound received through a
microphone or a sound sensor. A noise around or about
an electronic apparatus is obtained based on the audio
signal included in the second sound and the second
sound (S820). An enduring component corresponding to
a noise that persists around or about the electronic ap-
paratus is obtained based on the noise (S830). If the
enduring component is equal to or greater than a thresh-
old value, the audio signal is processed based on the
enduring component (S840).
[0120] Here, the obtaining a noise (S820) may include
obtaining a plurality of noises in predetermined units of
time based on the audio signal and the second sound,
and the obtaining an enduring component (S830) may
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include obtaining an enduring component of the first time
section that is the most recent time section based on one
of the plurality of noises.
[0121] The obtaining an enduring component (S830)
may include calculating a plurality of powers respectively
corresponding to the plurality of noises and obtaining a
power of the smallest value from among the plurality of
powers as the enduring component of the first time sec-
tion.
[0122] Here, the controlling method according to an
embodiment may further include obtaining a noise in the
second time section immediately after the first time sec-
tion, calculating a power of the second time section from
the noise of the second time section and obtaining a pow-
er of the smallest value from powers excluding a power
of the oldest time section from among the plurality of pow-
ers and the power of the second time section as the en-
during component of the second time section.
[0123] Additionally, the controlling method according
to an embodiment may further include storing the power
of the second time section in a memory of the electronic
apparatus and deleting a power of the oldest time section
from among the plurality of powers in the memory.
[0124] Additionally, the controlling method according
to an embodiment may further include outputting the first
sound through a speaker of the electronic apparatus may
be further included.
[0125] Here, the obtaining a noise (S820) may include
obtaining a predicted sound corresponding to the audio
signal by applying an adaptive filter to the audio signal
and obtaining a noise by differentiating the predicted
sound from the second sound, and the adaptive filter may
be a filter obtained based on a relationship between an
output sound of the speaker and an input sound input to
a microphone of the electronic apparatus.
[0126] In addition, the obtaining a noise (S820) may
further include changing the threshold value based on at
least one of the firs sound, the second sound, the pre-
dicted sound or the noise.
[0127] The processing an audio signal (S840) may fur-
ther include performing at least one of channel redistri-
bution of the audio signal, gain control of at least one of
a plurality of channels or voice component enhancement,
and the controlling method may further include outputting
the third sound corresponding to the processed audio
signal through the speaker.
[0128] The controlling method according to an embod-
iment may further include, if the enduring component ob-
tained while the third sound is output is less than the
threshold value, stopping or changing the processing of
the audio signal.
[0129] According to the above-described various em-
bodiments, the electronic apparatus may obtain an en-
during component of a noise from a sound that is currently
received and improve the transmission power of the au-
dio signal adaptively as an audio signal is processed
based on the obtained enduring component.
[0130] In other words, the electronic apparatus solves

the problem that a user’s hearing of the audio signal is
interrupted by an enduring noise while ignoring an in-
stantaneous noise. In particular, the instantaneous noise
has little impact on the user’s hearing of the audio signal,
and thus, the controlling apparatus may have the effect
of reducing power consumption of the electronic appa-
ratus by ignoring the instantaneous noise (that is, not
processing the audio signal based on the instantaneous
noise).
[0131] In addition, the electronic apparatus is capable
of adaptively processing the audio signal according to
various situations based on a current state of an output
sound. For example, if the volume of the current output
sound is large, the audio signal is processed if there is a
large effective noise. On the other hand, if the volume of
the current output sound is small, the audio signal may
be processed even if there is a small effective noise.
[0132] According to an embodiment, the above-de-
scribed various embodiments may be implemented by
software including instructions that are stored in ma-
chine-readable storage media (e.g., a computer). The
machine is an apparatus that invokes the stored instruc-
tions from the storage media and is operable according
to the invoked instructions, and may include the electron-
ic apparatus (e.g., an electronic apparatus) according to
embodiments. When the instructions are executed by a
processor, the processor may perform functions corre-
sponding to the instructions, either directly or using other
components under the control of the processor. The in-
structions may include codes generated or executed by
a compiler or an interpreter. The machine-readable stor-
age media may be provided in the form of non-transitory
storage media. Here, the term ’non-transitory’ means that
the storage medium does not include a signal per se and
is tangible, but does not distinguish whether data is stored
semi-permanently or temporarily in the storage medium
[0133] The method according to diverse embodiments
may be provided as being included in a computer pro-
gram product. The computer program product may be
traded as a product between a seller and a purchaser.
The computer program product may be distributed in the
form of a machine readable storage media (e.g., a com-
pact disc read only memory (CD-ROM)), or online
through an application store (e.g., PlayStore™). In the
case of the online distribution, at least a portion of the
computer program product may be at least temporarily
stored in a storage medium such as a memory of a server
of a manufacturer, a server of an application store, or a
relay server, or be temporarily generated.
[0134] In addition, the diverse embodiments described
above may be implemented in a computer or an appa-
ratus similar to the computer using software, hardware,
or a combination of software and hardware. In some cas-
es, embodiments described in the disclosure may be im-
plemented by a processor itself. According to a software
implementation, embodiments such as procedures and
functions described in the specification may be imple-
mented by separate software modules. Each of the soft-
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ware modules may perform one or more functions and
operations described in the disclosure.
[0135] Computer instructions for performing process-
ing operations according to the diverse embodiments of
the disclosure described above may be stored in a non-
transitory computer-readable medium. The computer in-
structions stored in the non-transitory computer-readable
medium may cause a processor of a specific device to
perform the processing operations of the display appa-
ratus according to the diverse embodiments described
above when the computer instructions are executed by
the processor of the specific device. The non-transitory
computer-readable medium may not be a medium that
temporarily stores data, such as a register, a cache, a
memory, or the like, but means a medium that semi-per-
manently stores data and is readable by the device. Spe-
cific examples of the non-transitory computer-readable
medium may include a compact disk (CD), a digital ver-
satile disk (DVD), a hard disk, a Blu-ray disk, a USB, a
memory card, a ROM, and the like.
[0136] Each of the components (e.g., modules or pro-
grams) according to the diverse embodiments may in-
clude a single entity or a plurality of entities, and some
sub-components of the sub-components described
above may be omitted, or other sub-components may be
further included in the diverse embodiments. Alternative-
ly or additionally, some components (e.g., modules or
programs) may be integrated into one entity to perform
the same or similar functions performed by the respective
components prior to the integration. The operations per-
formed by the module, the program, or other component,
in accordance with the diverse embodiments may be ex-
ecuted in a sequential, parallel, iterative, or heuristic
manner, or at least some operations may be executed in
a different order or omitted, or other operations may be
added.
[0137] According to the above-described various em-
bodiments, the electronic apparatus may obtain an en-
during component of a noise from a sound that is currently
received and adaptively improve transmission power of
the audio signal by processing an audio signal based on
the obtained enduring component.
[0138] At least one of the components, elements, mod-
ules or units described herein may be embodied as var-
ious numbers of hardware, software and/or firmware
structures that execute respective functions described
above, according to an example embodiment. For exam-
ple, at least one of these components, elements or units
may use a direct circuit structure, such as a memory, a
processor, a logic circuit, a look-up table, etc. that may
execute the respective functions through controls of one
or more microprocessors or other control apparatuses.
Also, at least one of these components, elements or units
may be specifically embodied by a module, a program,
or a part of code, which contains one or more executable
instructions for performing specified logic functions, and
executed by one or more microprocessors or other con-
trol apparatuses. Also, at least one of these components,

elements or units may further include or implemented by
a processor such as a central processing unit (CPU) that
performs the respective functions, a microprocessor, or
the like. Two or more of these components, elements or
units may be combined into one single component, ele-
ment or unit which performs all operations or functions
of the combined two or more components, elements of
units. Also, at least part of functions of at least one of
these components, elements or units may be performed
by another of these components, element or units. Fur-
ther, although a bus is not illustrated in the block dia-
grams, communication between the components, ele-
ments or units may be performed through the bus. Func-
tional aspects of the above example embodiments may
be implemented in algorithms that execute on one or
more processors. Furthermore, the components, ele-
ments or units represented by a block or processing op-
erations may employ any number of related art tech-
niques for electronics configuration, signal processing
and/or control, data processing and the like.
[0139] Although a few embodiments have been shown
and described, it would be appreciated by those skilled
in the art that changes may be made in embodiments
without departing from the principles and spirit of the dis-
closure, the scope of which is defined in the claims and
their equivalents.

Claims

1. An electronic apparatus comprising:

a microphone; and
a processor configured to:

based on a second sound, including a first
sound of an audio signal, being received
through the microphone, obtain a noise
about the electronic apparatus based on the
audio signal and the second sound;
obtain an enduring component of the noise;
and
based on the enduring component being
equal to or greater than a threshold value,
process the audio signal.

2. The electronic apparatus as claimed in claim 1,
wherein the processor is further configured to:

obtain a plurality of noises corresponding to a
plurality of time sections based on the audio sig-
nal and the second sound; and
obtain an enduring component of a first time sec-
tion, among the plurality of time sections, that is
a most recent time section, based on the plurality
of noises.

3. The electronic apparatus as claimed in claim 2,
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wherein the processor is further configured to obtain
a plurality of powers respectively corresponding to
the plurality of noises, and obtain a power having a
smallest value from among the plurality of powers
as the enduring component of the first time section.

4. The electronic apparatus as claimed in claim 3, fur-
ther comprising:

a memory configured to store information on the
plurality of powers,
wherein the processor is further configured to:

obtain a noise in a second time section, the
second time section being immediately after
the first time section;
obtain a power of the second time section
based on the noise in the second time sec-
tion; and
obtain, as an enduring component of the
second time section, a power having a
smallest value from powers excluding a
power of an oldest time section from among
the plurality of powers stored in the memory
and a power of the second time section.

5. The electronic apparatus as claimed in claim 4,
wherein the processor is further configured to:

store the power of the second time section in
the memory; and
delete the power of the oldest time section from
among the plurality of powers stored in the mem-
ory.

6. The electronic apparatus as claimed in claim 1 to
claim 5, further comprising:

a speaker,
wherein the processor is further configured to
output the first sound through the speaker.

7. The electronic apparatus as claimed in claim 6,
wherein the processor is further configured to:

obtain a predicted sound corresponding to the
audio signal by applying an adaptive filter to the
audio signal; and
obtain the noise by subtracting the predicted
sound from the second sound,
wherein the adaptive filter is obtained based on
a relation between an output sound of the speak-
er and an input sound of the microphone.

8. The electronic apparatus as claimed in claim 7,
wherein the processor is further configured to
change the threshold value based on at least one of
the first sound, the second sound, the predicted

sound, or the noise.

9. The electronic apparatus as claimed in claim 1 to
claim 8, wherein the processor is further configured
to:

based on the enduring component being equal
to or greater than the threshold value, process
the audio signal by performing at least one of
channel redistribution of the audio signal, gain
adjustment of at least one of a plurality of chan-
nels, or enhancement of a voice component; and
output a third sound corresponding to the proc-
essed audio signal.

10. The electronic apparatus as claimed in claim 9,
wherein the processor is further configured to, based
on an enduring component obtained while the third
sound is output being less than the threshold value,
stop or change processing of the audio signal.

11. A method of controlling an electronic apparatus,
comprising:

receiving a second sound, including a first sound
of an audio signal;
obtaining a noise about the electronic apparatus
based on the audio signal and the second
sound;
obtaining an enduring component based on the
noise; and
based on the enduring component being equal
to or greater than a threshold value, processing
the audio signal.

12. The method as claimed in claim 11, wherein the ob-
taining the noise comprises obtaining a plurality of
noises corresponding to a plurality of time sections
based on the audio signal and the second sound, and
wherein the obtaining the enduring component com-
prises obtaining an enduring component of a first
time section, among the plurality of time sections,
that is a most recent time section, based on the plu-
rality of noises.

13. The method as claimed in claim 12, wherein the ob-
taining an enduring component comprises obtaining
a plurality of powers respectively corresponding to
the plurality of noises, and obtaining a power having
a smallest value from among the plurality of powers
as the enduring component of the first time section.

14. The method as claimed in claim 13, further compris-
ing:

obtaining a noise in a second time section, the
second time section being immediately after the
first time section;
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obtaining a power of the second time section
based on the noise in the second time section;
and
obtaining, as an enduring component of the sec-
ond time section, a power having a smallest val-
ue from powers excluding a power of an oldest
time section from among the plurality of powers
and a power of the second time section.

15. The method as claimed in claim 14, further compris-
ing:

storing the power of the second time section in
a memory of the electronic apparatus; and
deleting the power of the oldest time section
from among the plurality of powers stored in the
memory.
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