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NOISE CONTROL

FIELD

[0001] Embodiments of the present disclosure generally relate to an apparatus, method,

system, and computer readable storage medium for noise control.

BACKGROUND

[0002] Active noise control (ANC), also known as noise cancellation, or active noise
reduction (ANR) are methods for reducing unwanted sound by adding an additional sound.
The additional sound is specifically designed to cancel the unwanted sound. Currently, a
variety of headphones employ the ANC to reduce environmental noises. The existing
ANC headphones filter out or reduce noises based on frequencies of the noises only. As a
result, these headphones cannot distinguish between environmental noises and meaningful
sounds. For example, when a user wearing an ANC headphone is walking or running
outdoors, the ANC headphone may filter out the car horn. As another example, in an
office environment, the ANC headphone may filter out the voices of people speaking to the
user. However, the car horn and the voices of people speaking to the user are meaningful
sounds which should be heard by the user. Therefore, the existing ANC headphones

cannot intelligently pass such sounds to alert the user.

SUMMARY

[0003] In general, example embodiments of the present disclosure provide a solution for

noise control.

[0004] In a first aspect, there is provided an apparatus. The apparatus comprises at least
one processor; and at least one memory including computer program codes; the at least one
memory and the computer program codes are configured to, with the at least one processor,
cause the apparatus to determine a reference feature of environmental sound based on
reference audio data captured from an environment within a plurality of reference time
periods; determine a target feature of the environmental sound based on target audio data
captured from the environment within a target time period subsequent to the plurality of
reference time periods; and perform an operation concerning noise control on the target

audio data based on a difference between the reference feature and the target feature.
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[0005] In a second aspect, there is provided a method. The method comprises: obtaining,
by one or more processors, a reference feature of environmental sound, the reference feature
determined based on reference audio data captured from an environment within a plurality of
reference time periods; determining, by one or more processors, a target feature of the
environmental sound based on target audio data captured from the environment within a
target time period subsequent to the plurality of reference time periods; and performing, by
one or more processors, an operation concerning noise control on the target audio data based

on a difference between the reference feature and the target feature.

[0006] In a third aspect, there is provided an apparatus. The apparatus comprises means
for means for determining a reference feature of environmental sound based on reference
audio data captured from an environment within a plurality of reference time periods;
means for determining a target feature of the environmental sound based on target audio
data captured from the environment within a target time period subsequent to the plurality
of reference time periods; and means for performing an operation concerning noise control
on the target audio data based on a difference between the reference feature and the target

feature.

[0007] In a fourth aspect, there is provided a system. The system one or more processors;
and one or more computer-readable media having stored thereon instructions that are
executable by the one or more processors to cause the system to: determine a reference
feature of environmental sound based on reference audio data captured from an
environment within a plurality of reference time periods; determine a target feature of the
environmental sound based on target audio data captured from the environment within a
target time period subsequent to the plurality of reference time periods; and  perform an
operation concerning noise control on the target audio data based on a difference between

the reference feature and the target feature.

[0008] In a fifth aspect, there is provided a non-transitory computer readable medium
comprising program instructions for causing an apparatus to perform at least the method

according to the second aspect.

[0009] It is to be understood that the summary section is not intended to identify key or
essential features of embodiments of the present disclosure, nor is it intended to be used to
limit the scope of the present disclosure. Other features of the present disclosure will

become easily comprehensible through the following description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Some example embodiments will now be described with reference to the

accompanying drawings, where:

[0011] Fig. 1 illustrates an example scenario in which example embodiments of the present

disclosure may be implemented;

[0012] Fig. 2 illustrates a flowchart of an example method according to some example

embodiments of the present disclosure;

[0013] Fig. 3 illustrates a schematic diagram showing reference audio data and target

audio data according to some example embodiments of the present disclosure;

[0014] Fig. 4 illustrates a schematic diagram of training an example auto-encoder

according to some example embodiments of the present disclosure;

[0015] Fig. S illustrates a schematic diagram of using the example auto-encoder according

to some example embodiments of the present disclosure;

[0016] Fig. 6 illustrates a schematic diagram of updating the example auto-encoder

according to some example embodiments of the present disclosure; and

[0017] Fig. 7 illustrates a schematic block diagram of an example device suitable for

implementing embodiments of the present disclosure.

[0018] Throughout the drawings, the same or similar reference numerals represent the same

or similar element.

DETAILED DESCRIPTION

[0019] Principle of the present disclosure will now be described with reference to some
example embodiments. It is to be understood that these embodiments are described only for
the purpose of illustration and help those skilled in the art to understand and implement the
present disclosure, without suggesting any limitation as to the scope of the disclosure. The
disclosure described herein can be implemented in various manners other than the ones

described below.

[0020] In the following description and claims, unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood by one of

ordinary skills in the art to which this disclosure belongs.
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[0021] References in the present disclosure to “one embodiment,” “an embodiment,” “an
example embodiment,” and the like indicate that the embodiment described may include a
particular feature, structure, or characteristic, but it is not necessary that every embodiment
includes the particular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when a particular feature, structure,
or characteristic is described in connection with an embodiment, it is submitted that it is

within the knowledge of one skilled in the art to affect such feature, structure, or

characteristic in connection with other embodiments whether or not explicitly described.

[0022] It shall be understood that although the terms “first” and “second” etc. may be used
herein to describe various elements, these elements should not be limited by these terms.
These terms are only used to distinguish one element from another. For example, a first
element could be termed a second element, and similarly, a second element could be termed a
first element, without departing from the scope of example embodiments. As used herein,

the term “and/or” includes any and all combinations of one or more of the listed terms.

[0023] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of example embodiments. As used
herein, the singular forms “a”, “an” and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the terms
“comprises”’, “comprising”, “has”, “having”, “includes” and/or “including”, when used
herein, specify the presence of stated features, elements, and/or components etc., but do not

preclude the presence or addition of one or more other features, elements, components and/

or combinations thereof.

[0024] Asused in this application, the term “circuitry” may refer to one or more or all of the

following:

(a) hardware-only circuit implementations (such as implementations in only analog

and/or digital circuitry) and
(b) combinations of hardware circuits and software, such as (as applicable):

(1) a combination of analog and/or digital hardware circuit(s) with

software/firmware and

(i) any portions of hardware processor(s) with software (including digital
signal processor(s)), software, and memory(ies) that work together to cause an

apparatus, such as a mobile phone or server, to perform various functions) and
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(c) hardware circuit(s) and or processor(s), such as a microprocessor(s) or a portion of
a microprocessor(s), that requires software (e.g., firmware) for operation, but the software

may not be present when it is not needed for operation.

[0025] This definition of circuitry applies to all uses of this term in this application,
including in any claims. As a further example, as used in this application, the term circuitry
also covers an implementation of merely a hardware circuit or processor (or multiple
processors) or portion of a hardware circuit or processor and its (or their) accompanying
software and/or firmware. The term circuitry also covers, for example and if applicable to
the particular claim element, a baseband integrated circuit or processor integrated circuit for a
mobile device or a similar integrated circuit in server, a cellular network device, or other

computing or network device.

[0026] As mentioned above, conventional ANC headphones cannot distinguish between
environmental noises and meaningful sounds. For example, the car horn when walking
outdoors and the voices of people saying to the user may be filtered out.  As a result, these
meaningful sounds might not be heard by the user. Some solutions have been proposed to
distinguish the meaningful sounds from background noises. However, these solutions are
based on either a fixed dataset or predefined “novel” sounds and thus cannot be adapted to
the varying ambient environment. For example, these solutions cannot recognize a sound
which is not included in the dataset or is not predefined. Therefore, more intelligent ANC

is needed.

[0027] The inventors of the present disclosure have realized that people gradually adapt to
a repetitive, mechanical noise after listening for a while. In other words, people turn a deaf
ear to the repetitive, mechanical noise. Attention will not be attracted until an unusual
sound appears. This function of the human brain may be imitated so as to perform active
noise control on repetitive, ordinary sounds and turn off or reduce active noise control on

unusual sounds.

[0028] In order to at least partially solve the above and other potential problems,
embodiments of the present disclosure provide a new solution for noise control. In this
solution, a reference feature of environmental sound is obtained. The reference feature is
determined based on reference audio data captured from an environment within a plurality of
reference time periods. A target feature of the environmental sound is determined based on

target audio data captured from the environment within a target time period. The target time
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period is subsequent to the plurality of reference time periods where the reference audio data

is captured.

[0029] It will be appreciated from the following description that, according to example
embodiments of the present invention, an operation concerning noise control on the target
audio data can be performed based on a difference between the reference feature and the
target feature. For example, if the target feature is significantly different from the
reference feature, this means that the target audio data may represent a potentially novel
sound from the environment. Accordingly, noise control on the target audio data may be
disabled or reduced so as to pass the potentially novel sound to a user. If the target feature
is similar to the reference feature, this means that the target audio data may only represent
background sound from the environment. Accordingly, noise control on the target audio

data may be enabled to cancel the background sound.

[0030] In this way, noise control on the audio data can be adapted to the environment.
The repetitive sound from the environment can be cancelled and the novel sound from the

environment can be passed to the user. Therefore, adaptive noise control can be achieved.

[0031] Some example embodiments of the present disclosure will be described in detail

below.

Example Scenario

[0032] Fig. 1 illustrates an example scenario 100 in which example embodiments of the
present disclosure may be implemented. In the example scenario 100, an apparatus 110
may continuously detect environmental sound 130 from an ambient environment where the
apparatus 110 is located. Although not shown, the apparatus 110 may be configured with
a function of noise control to cancel any noise in the environmental sound 130. For
example, the apparatus 110 may comprise an ANC circuitry or any other suitable means for

ANC.

[0033] At the apparatus 110, the detected environmental sound 130 may be converted or
digitalized into audio data 150. As shown in Fig. 1, the audio data 150 may comprise a
plurality of data samples. Each data sample may comprise audio data captured from the
ambient environment within a time period and represent the environmental sound 130
within the time period. In other words, the audio data 150 may be divided into a plurality
of sound slices, including the sound slices 101-103 for example. Each sound slice

comprises the audio data captured within a time period. In the following, the terms
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“sound slice” and “data sample” can be used interchangeably. In some example

embodiments, each sound slice may have a same duration, such as, 10ms.

[0034] For each sound slice, the apparatus 110 may determine whether the sound slice
comprises a potentially novel or meaningful sound (which may also be referred to as
unusual sound). The apparatus 110 may disable the noise control (for example, ANC) or
reduce the level of noise control on the sound slice comprising the unusual sound. As
indicated by the curve 140, the level of noise control on the sound slices 102 and 103 may
be reduced as compared to the sound slice 101. In this way, the unusual sound which is

potentially meaningful to a user of the apparatus 110 can be heard by the user.

[0035] In some example embodiments, the solution for noise control may be implemented
in a distributed manner. For example, as shown in Fig. 1, the apparatus 110 may
communicate with one or more other apparatuses, including but not limited to one or more
of a terminal device 120-1, a computer 120-2 and a server 120-3 in a cloud computing node.
In the following, the terminal device 120-1, the computer 120-2 and the server 120-3 in the
cloud computing node may be collectively referred to as a further apparatus 120 or an
apparatus 120. In these example embodiments, the further apparatus 120 may process
reference audio data and the apparatus 110 may receive information about the reference

audio data from the further apparatus 120, as will be described below.

[0036] Itis to be understood that the number of apparatuses and sound slices is only for the
purpose of illustration without suggesting any limitations as to the scope of the present
disclosure. Although the apparatus 110 is shown as a headphone in Fig. 1, this is only for
the purpose of illustration. The solution for noise control according to embodiments of the
present disclosure can be implemented in any suitable type of device and/or system where

noise control is required.

Example Method

[0037] Now refer to Fig. 2. Fig. 2 illustrates a flowchart of an example method 200
according to some example embodiments of the present disclosure. The method 200 may
be implemented at the apparatus 110 as shown in Fig. 1. Alternatively, the method 200
may be implemented across the apparatus 110 and the apparatus 120 as shown in Fig. 1.

For the purpose of discussion, the method 200 will be described with reference to Figs. 1

and 3.

[0038] At block 210, a reference feature of environmental sound 130 is determined based
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on reference audio data captured from an environment within a plurality of reference time
periods. In some example embodiments, the reference feature may be determined at the

apparatus 110.

[0039] In some example embodiments, the reference feature may be determined at the
further apparatus 120, such as the terminal device 120-1, the computer 120-2 or the server
120-3 in the cloud computing node as shown in Fig. 1. The apparatus 110 may receive the
reference feature from the further apparatus 120. In these example embodiments, the
reference audio data may be captured by the apparatus 110 and communicated to the further
apparatus 120. Alternatively, or in addition, if the further apparatus 120 is located in the
same environment as the apparatus 110, the reference audio data may be captured by the

further apparatus 120.

[0040] Now refer to Fig. 3. Fig. 3 illustrates a schematic diagram 300 showing reference
audio data 310 and target audio data 305 according to some example embodiments of the
present disclosure. As mentioned above, the environmental sound 130 may be converted

or digitalized into audio data for further processing.

[0041] A sliding time window 350 may be used to locate the reference audio data 310.
As shown in Fig. 3, the reference audio data 310 may comprise a plurality of data samples
or sound slices. Fig. 3 shows sound slices 301-1, 301-2 and 301-3, which may be
collectively referred to as a sound slice 301 or a reference sound slice 301. Each sound
slice 301 may comprise audio data captured from the environment within a time period.
The plurality of sound slices 301 in the sliding time window 350 may be collectively

referred to as a reference sound sequence.

[0042] The duration of each sound slice 301 and the width of the sliding time window 350
may employ any suitable value. As an example rather than any limitation as to the scope
of the present disclosure, the duration of each sound slice 301 may be 10 milliseconds and

the width of the sliding time window 350 may be 2 seconds.

[0043] One or more features may be determined from the reference audio data 310 to
determine the reference feature. The one or more features may include but not limited to
frequency distribution, temporal variation, a distance and direction (for example, an angle)
of a sound source, and semantics (if a speech is detected). For example, the feature of
each sound slice 301 comprised in the reference audio data 310 may be extracted and the

reference feature may be determined based on the features of the plurality of sound slices
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301 in the reference audio data 310.

[0044] In some example embodiments, the reference feature may comprise a feature of a
frequency of the environmental sound 130. For example, the highest frequency included
in each sound slice 301 may be determined. Then, the reference feature may be
determined as an average or a median of the highest frequencies of the plurality of sound

slices 301.

[0045] Alternatively, or in addition, in some example embodiments, the reference feature
may comprise a feature of a source of the environmental sound 130. As an example, a
distance from the source of the environmental sound 130 to the apparatus 110 may be
determined from each sound slice 301. Then, the reference feature may be determined
based on the distances determined from the plurality of sound slices 301. As another
example, a direction of the source of the environmental sound 130 relative to the apparatus
110 may be determined from each sound slice 301. Then, the reference feature may be
determined based on the directions determined from the plurality of sound slices 301. As
a further example, a type of a device producing the environmental sound 130 may be
determined from each sound slice 301. Then, the reference feature may represent one or

more types of devices producing the environmental sound 130.

[0046] Alternatively, or in addition, in some example embodiments, if a speech is detected
in the environmental sound 130, the reference feature may comprise a feature of semantics
of the environmental sound 130. For example, a sematic feature may be extracted from
each sound slice 301 and the reference feature may be determined as an average of the

sematic features of the plurality of sound slices 301.

[0047] Alternatively, or in addition, in some example embodiments, the reference feature
may comprise a feature of a waveform of the environmental sound 130. The feature of the
waveform may comprise a magnitude or a shape of the waveform for example. As an
example, the magnitude of the waveform of each sound slice 301 may be determined.
Then, the reference feature may be determined as an average or a median of the magnitudes

of the plurality of sound slices 301.

[0048] The reference audio data 310 may represent various sounds, for example, the noise
of an engine when commuting, the conversation between people in open offices, and the
crisp sound of cup collisions in cafes. It may be difficult to find unified features of the

various sounds in advance. Therefore, in some example embodiments, the reference
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feature may be determined based on a neural network which is trained with the plurality of
sound slices 301 of the reference audio data 310. In this case, a plurality of features of the
plurality of sound slices 301 may be determined based on the trained neural network.
Then, the reference feature may be determined based on the plurality of features of the

plurality of sound slices 301.

[0049] In an example implementation, training of the neural network and determination of
the reference feature may be both implemented at the apparatus 110. In another example
implementation, the training of the neural network and the determination of the reference
feature may be both implemented at the further apparatus 120. In this example
implementation, the reference feature may be communicated from the further apparatus 120

to the apparatus 110.

[0050] In a further example implementation, the training of the neural network may be
implemented at the further apparatus 120 and parameters of the trained neural network may
be communicated from the further apparatus 120 to the apparatus 110. The apparatus 110

may determine the reference feature using the parameters of the trained neural network.

[0051] In some example embodiments, the neural network may be an auto-encoder.

Such example embodiments will be detailed below with reference to Figs. 4-6.

[0052] Now still refer to Fig. 2. At block 220, a target feature of the environmental
sound 130 is determined based on target audio data 305. The target audio data 305 is
captured from the environment within a target time period and the target time period is
subsequent to the plurality of reference time periods where the reference audio data 310 is
captured. As shown in Fig. 3, the target sound slice 302 may comprise the target audio
data 305 captured within the target time period. In some example embodiments, the target

time period may be a current time period.

[0053] The determination of the target feature depends on the determination of the
reference feature. As an example, if the reference feature is determined as the average or
the median of the highest frequencies of the plurality of sound slices 301, the target feature
may be determined as the highest frequency included in the target audio data 305. As
another example, if the reference feature is determined based on the distances extracted
from the plurality of sound slices 301, a distance from a sound source to the apparatus 110
may be extracted from the target audio data 305 as the target feature. As a further

example, if the reference feature is determined based on the sematic features of the plurality

10
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of sound slices 301, a sematic feature may be extracted from the target audio data 305 as

the target feature.

[0054] In the example embodiments where the reference feature is determined based on
the neural network, the target feature may be determined by applying the target audio data
305 to the neural network. Such example embodiments will be detailed below with

reference to Figs. 4-6.

[0055] At block 230, an operation concerning noise control on the target audio data is
performed based on a difference between the reference feature and the target feature. A
difference threshold may be introduced to compare with the difference between the
reference feature and the target feature. The difference threshold may be predetermined or
configured at the apparatus 110.  Alternatively, the difference threshold may be
determined based on a distribution of the features of the plurality of sound slices 301 where
those features are used to determine the reference feature. In an example implementation,
if the reference feature is determined as the average or the median of the highest
frequencies of the plurality of sound slices 301, the difference threshold may be determined

based on a standard deviation of the highest frequencies of the plurality of sound slices 301.

[0056] If the difference between the reference feature and the target feature exceeds the
difference threshold, this means that the target audio data 305 may represent a potentially
meaningful or novel sound. In this case, the noise control on the target audio data 305
may be disabled. For example, the ANC circuitry in the apparatus 110 may be instructed
or controlled so as not to perform ANC on the target audio data 305. Alternatively, the
level of noise control on the target audio data 305 may be reduced. For example, the ANC
circuitry in the apparatus 110 may be instructed or controlled to reduce the level of ANC on

the target audio data 305.

[0057] As an example, the user wearing the apparatus 110 may be running or walking
outdoors. The car horn which occurs suddenly may be quite different from the previous
environmental sound. In this case, the target audio data 350 representing the car horn may

not be filtered out as a noise.

[0058] If the difference between the reference feature and the target feature is below the
difference threshold, this means that the target audio data 305 is unlikely to represent a
potentially meaningful sound. In this case, the noise control on the target audio data 305

may be enabled. For example, the ANC circuitry in the apparatus 110 may be instructed

11



10

15

20

25

30

WO 2021/237650 PCT/CN2020/093172

or controlled to perform ANC on the target audio data 305.

[0059] Continue with the above example of the car horn. The car horn may continue for
a long time. For example, the duration of the car horn may exceed the duration of the
sliding window 350. In this case, the car horn may be recognized as a noise and

cancelled.

[0060] The human ear is adaptable to the environment. If the environment changes from
a relatively quiet environment to a noisier environment, the novel sound from the external
environment may initially attract attention of the user. However, after gradually adapting

to the environmental sound, the brain of the user may enter a state of "turn-a-deaf-ear".

[0061] To achieve this adaptive function, the reference feature may be updated over time,
for example as the sliding time window moves. In some example embodiments, a data
sample may be selected from the plurality of data samples comprised in the reference audio
data 310. The selected data sample is captured within a reference time period furthest
from the target time period among the plurality of reference time periods. Then, the
reference audio data may be updated by replacing the selected data sample with the target
audio data and the reference feature may be updated based on the updated reference audio

data.

[0062] Still refer to Fig. 3 to illustrate an example. As shown in Fig. 3, the sliding time
window 350 may move over time. The sound slice 301-1 which is furthest from the sound
slice 302 in time may be popped out of the sliding time window 350 and the sound slice
302 may be pushed into the sliding time window 350. As a result, the reference audio
data 310 is updated to reference audio data 320. The reference feature of the environment
sound 130 may be updated based on the reference audio data 320. The updated reference
feature may be used to determine the operation concerning noise control on next target

audio data 306.

[0063] The acts described above with respect to blocks 210, 220 and 230 may be
performed on audio data captured within each time period. In this way, the sound which is
potentially meaningful or novel to the user will not be cancelled and thus can be heard by

the user.

[0064] The example method 200 has been described with reference to Fig. 2. Acts
described above may be performed at a single physical device, such as an earphone.

Alternatively, the acts may be performed across multiple physical devices. As an example,

12



10

15

20

25

30

WO 2021/237650 PCT/CN2020/093172

some of the acts may be carried out at the earphone and some of the acts may be performed
at a terminal device such as a mobile phone. As another example, some of the acts may be
carried out at the earphone and some of the acts may be performed at a cloud computing

node.

Example Auto-encoder

[0065] As mentioned above, in some example embodiments, the reference feature and the
target feature may be determined based on a neural network. For example, the reference
audio data may comprise a plurality of data samples, such as the plurality of sound slices
301. A plurality of features of the plurality of data samples may be determined based on
the neural network which is trained with the plurality of data samples. Then, the reference
feature may be determined based on the plurality of features of the plurality of data samples.
Likewise, the target feature may be determined by applying the target audio data 305 to the
neural network. The neural network may be based on any suitable machine learning
technology. In some example embodiment, the neural network may comprise an

auto-encoder.

Some example embodiments where the auto-encoder is used are now described with
reference to Figs. 4-6. Fig. 4 illustrates a schematic diagram 400 of training an example
auto-encoder 450 according to some example embodiments of the present disclosure. The
simplest form of the auto-encoder is a feed-forward, non-recurrent neural network having
an input layer, an output layer and one or more hidden layers connecting the input and
output layers. As shown in Fig. 4, the example auto-encoder 450 comprises an input layer
451, an output layer 455 and three hidden layers 452-454. The number of nodes (which
may be also referred to as neurons) of the output layer 455 is the same as that of the input

layer 451.

[0066] The purpose of the auto-encoder 450 is to reconstruct its inputs. In other words,
the auto-encoder 450 may be trained by minimizing the difference between the input and
output of the auto-encoder 450. Therefore, the auto-encoder 450 is an unsupervised

learning model.

[0067] The auto-encoder 450 may comprise two parts, an encoder and a decoder, which

can be defined as following:

o X —F W
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v F =X

@3

)

0,0 = argmin|X - (¥ 09)X
0.0 (3)

where ¢ may represent the encoder and 3P may represent the decoder.

[0068] During training the auto-encoder 450, X represents each data sample or sound
slice in the reference audio data 310. The input and target output of the auto-encoder 450
are the same data sample. All the data samples in the reference audio data 310 may be used
to train the auto-encoder 450. For example, as shown in Fig. 4, the sound slice 301-1 is
used to train the auto-encoder 450. The training of the auto-encoder 450 makes the output

of the neural network as close to the target output as possible.

[0069] After training, the features of the sound slices 301 in the reference audio data 310
can be recorded in the auto-encoder. Generally, there is a bottleneck layer with fewer
parameters in the auto-encoder. The bottleneck layer enables the auto-encoder to compress
the data and obtain the characteristics of the data. ~As shown in Fig. 4, the hidden layer 450

with the fewest parameters is a bottleneck layer of the auto-encoder 450.

[0070] In some example embodiments, the training of the auto-encoder 450 may be
implemented at the apparatus 110. In some example embodiments, the training of the
auto-encoder 450 may be implemented at the further apparatus 120. In these example
embodiments, parameters of the trained auto-encoder 450 may be communicated to the

apparatus 110.

[0071] The auto-encoder 450 can be implemented by any suitable network structure, such
as a simple shallow fully connected neural network (e.g., 1-5 hidden layers) or a more
complex convolutional neural network. The network structure used may depend on the

computing power provided by the hardware where the auto-encoder 450 is trained.

[0072] The reference feature may be determined based on the trained auto-encoder 450
and the sound slices 301 in the reference audio data 310. To determine the reference
feature, the feature of each sound slice 301 may be determined first. It is assumed that X;
represents the i-th sound slice and L; represents the feature of the i-th sound slice X;,

where i is a natural number.

[0073] The feature of each sound slice may be represented in a variety of ways. As an
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example, the loss function for training the auto-encoder 450 may be used to calculate the
feature. Accordingly, L; may be defined as following:
. ; R 12
L; =min||X; — (¥ 0 ) X;||*

o )

where the value of L; is tiny, since the auto-encoder 450 has been trained with the reference

audio data 310.

[0074] The feature L; of the i-th sound slice X; may also be calculated in other ways.
For example, the output of the hidden layer 453 which is the bottleneck layer may be used
to calculate the feature L;. The i-th sound slice X; may be applied to the trained
auto-encoder 450 and the sum of squared output of the hidden layer 453 may be calculated

as the feature L;.

[0075] The reference feature may be determined based on the plurality of features L; of
the sound slices 301 in the reference audio data 310. As an example, the reference feature

may be determined as an average of the plurality of features L;.

[0076] As another example, one or more statistic parameters of the plurality of features L;
may be used to determine the reference feature. The plurality of features L; may have a
certain distribution. Refer to Fig. 5. A plot 501 shows an example distribution of the
plurality of features L;. For example, the mean L., of the distribution of the plurality

of features L; can be used as the reference feature.

[0077] In addition, the difference threshold may be determined based on the standard
deviation Ly, of the distribution of the plurality of features L;. For example, the
difference threshold may be determined as M * Lg;, where M may be a parameter

configured in advance or given by a user of the apparatus 110.

[0078] The target feature may be determined by applying the target audio data 305 to the
trained auto-encoder 450, as shown in Fig. 5. It is assumed that X, represents the target
audio data 305 and L, represents the target feature. X, may be applied to the trained
auto-encoder 450 as input and the target feature L, may be calculated accordingly. For
example, the loss function as expressed in the equation (4) or the output of the hidden layer

453 may be used to calculate the target feature L,.

[0079] If the difference between the reference feature L,,.,, and the target feature L,

exceeds the difference threshold, such as M * Lgy, this means that the target audio data
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305 1s significantly different from the reference audio data 310. In this case, the noise
control on the target audio data 305 may be disabled. Or, alternatively, the level of the

noise control on the target audio data 305 may be reduced.

[0080] If the difference between the reference feature L., and the target feature L, is
below the difference threshold, such as M * Lg; 4, this means that the target audio data 305
is similar to the reference audio data 310. In this case, the apparatus 110 may enable the

noise control on the target audio data 305.

[0081] As mentioned above, to achieve the adaptive function, the reference feature may
be updated over time. The auto-encoder 450 may be updated based on the target audio
data 305 so as to update the reference feature. For example, the target audio data 305 may
be added to the reference audio data and used to further train the auto-encoder 450. Since
the auto-encoder 450 is further trained only with the newly added target audio data 305, the

cost of training the auto-encoder 450 to update in real time is very low.

[0082] In some example embodiments, the determination of the target feature and the
update of the auto-encoder 450 may be combined into a single process. In other words,
the target audio data 305 may be applied to the auto-encoder 450 to determine the target

feature as well as to further train the auto-encoder 450.

[0083] Refer to Fig. 6. As the sliding time window 350 moves forward over time, new
sound slices may be used to update the auto-encoder 450 and thus the auto-encoder 450 may
continuously learn the feature of new reference audio data 610. In this way, an adaptation

to the external environment may be gradually achieved.

[0084] Example embodiments of the auto-encoder are described above with reference to
Figs. 4-6. In these example embodiments, most-recent sound slices are used to
continuously update the auto-encoder and learn the features of recent environmental sound.
This approach uniquely mimics effort of human brain. In this way, a repetitive noise may
be learnt and ignored, regardless of what kind of sound the noise is. Even if a noise is
completely new and not present before in any dataset, the noise can also be learnt and

filtered out in this way.

[0085] Moreover, the auto-encoder is an unsupervised learning model, which can
automatically estimate the environment, without the need of manual intervention.
Therefore, the apparatus 110 can operate in any unexpected environment with any

distribution of background noises. The neural network of the auto-encoder can be simple or
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gradually complicated. For a simpler auto-encoder, the required computing power is very

low, and the auto-encoder can be trained in real time, for example at the apparatus 110.

[0086] In some example embodiments, an apparatus capable of performing the method 200
may comprise means for performing the respective steps of the method 200. The means
may be implemented in any suitable form. For example, the means may be implemented in

a circuitry or software module.

[0087] In some example embodiments, the apparatus comprises means for determining a
reference feature of environmental sound based on reference audio data captured from an
environment within a plurality of reference time periods; means for determining a target
feature of the environmental sound based on target audio data captured from the
environment within a target time period subsequent to the plurality of reference time
periods; and means for performing an operation concerning noise control on the target

audio data based on a difference between the reference feature and the target feature.

[0088] In some example embodiments, the means for performing the operation concerning
noise control on the target audio data comprises: means for in accordance with a
determination that the difference exceeds a difference threshold, disabling the noise control

on the target audio data.

[0089] In some example embodiments, the means for performing the operation concerning
noise control on the target audio data comprises: means for in accordance with a
determination that the difference exceeds a difference threshold, reducing a level of the noise

control on the target audio data.

[0090] In some example embodiments, the means for performing the operation concerning
noise control on the target audio data comprises: means for in accordance with a
determination that the difference is below a difference threshold, enabling the noise control

on the target audio data.

[0091] In some example embodiments, the means for determining the reference feature
based on the reference audio data comprises: means for determining, based on a neural
network, a plurality of features of a plurality of data samples comprised in the reference
audio data, each data sample captured within one of the plurality of reference time periods,
the neural network trained with the plurality of data samples; and means for determining the

reference feature based on the plurality of features of the plurality of data samples.

[0092] In some example embodiments, the neural network comprises an auto-encoder.
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[0093] In some example embodiments, the means for determining the target feature
comprises: means for determining the target feature by applying the target audio data to the

neural network.

[0094] In some example embodiments, the apparatus further comprising: means for
causing the neural network to be updated based on the target audio data, the updated neural

network trained with the target audio data.

[0095] In some example embodiments, the apparatus further comprising: means for
selecting a data sample from a plurality of data samples comprised in the reference audio data,
each data sample captured within one of the plurality of reference time periods, the selected
data sample captured within a reference time period furthest from the target time period
among the plurality of reference time periods; means for updating the reference audio data by
replacing the selected data sample with the target audio data; and means for updating the

reference feature based on the updated reference audio data.

[0096] In some example embodiments, the reference feature comprises at least one of: a
first feature of a frequency of the environmental sound, a second feature of a source of the
environmental sound, a third feature of semantics of the environmental sound, or a fourth

feature of a waveform of the environmental sound.
[0097] In some example embodiments, the apparatus comprises an earphone.

[0098] In some example embodiments, a system capable of performing the method 200
may comprise one or more processors and one or more computer-readable media. The one
or more computer-readable media may have stored thereon instructions that are executable
by the one or more processors to cause the system to carry out the acts described with

respect to the example method 200.

[0099] In some example embodiments, the system capable of performing the method 200
may comprise distributed computing devices. For example, some of the acts may be
carried out at a device such as an earphone and some of the acts may be carried out at one

or more other devices such as a terminal device or a cloud computing node.

[00100] Fig. 7 illustrates a schematic block diagram of an example device 700 for
implementing embodiments of the present disclosure. As shown, the device 700 comprises
a central process unit (CPU) 701, which may execute various suitable actions and processing
based on the computer program instructions stored in the read-only memory (ROM) 702 or

computer program instructions loaded in the random-access memory (RAM) 703 from a
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storage unit 708. The RAM 703 may also store all kinds of programs and data required by
the operations of the device 700. CPU 701, ROM 702 and RAM 703 are connected to each
other via a bus 704. The input/output (I/O) interface 705 is also connected to the bus 704.

[00101] A plurality of components in the device 700 is connected to the 1/0O interface 705,
comprising: an input unit 706, such as keyboard, mouse and the like; an output unit 707, e.g.,
various kinds of display and loudspeakers etc.; a storage unit 708, such as memory disk,
optical disk etc.; and a communication unit 709, such as network card, modem, wireless
transceiver and the like. The communication unit 709 allows the device 700 to exchange
information/data with other devices via the computer network, such as Internet, and/or

various telecommunication networks.

[00102] The above described various procedures and processing, such as method 200, may
be executed by the processing unit 701. For example, in some embodiments, the method
200 may be implemented as computer software programs tangibly comprised in the
machine-readable medium, such as storage unit 708. In some embodiments, the computer
program may be partially or fully loaded and/or mounted to the device 700 via ROM 702
and/or communication unit 709. When the computer program is loaded to RAM 703 and
executed by the CPU 701, one or more actions of the above described method 200 may be

executed.

[00103] Although not shown, the device 700 may comprise one or more units for detecting
and processing the environmental sound. The device 700 may also comprise one or more

units for noise control, for example an ANC circuitry.

[00104] The present disclosure may be a method, apparatus, system and/or computer
program product at any possible technical detail level of integration. The computer program
product may comprise a computer-readable storage medium loaded with computer-readable

program instructions for executing various aspects of the present disclosure.

[00105] The computer-readable storage medium may be a tangible apparatus that maintains
and stores instructions utilized by the instruction executing apparatuses.  The
computer-readable storage medium may be, but not limited to, such as electrical storage
device, magnetic storage device, optical storage device, electromagnetic storage device,
semiconductor storage device or any appropriate combinations of the above. More concrete
examples of the computer-readable storage medium (non-exhaustive list) comprise: portable

computer disk, hard disk, random-access memory (RAM), read-only memory (ROM),
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erasable programmable read-only memory (EPROM or flash), static random-access memory
(SRAM), portable compact disk read-only memory (CD-ROM), digital versatile disk (DVD),
memory stick, floppy disk, mechanical coding devices, punched card stored with instructions
thereon, or a projection in a slot, and any appropriate combinations of the above. The
computer-readable storage medium utilized here is not interpreted as transient signals per se,
such as radio waves or freely propagated electromagnetic waves, electromagnetic waves
propagated via waveguide or other transmission media (such as optical pulses via fiber-optic

cables), or electric signals propagated via electric wires.

[00106] The described computer-readable program instruction herein may be downloaded
from the computer-readable storage medium to each computing/processing device, or to an
external computer or external storage via Internet, local area network, wide area network
and/or wireless network. The network may comprise copper-transmitted cable, optical fiber
transmission, wireless transmission, router, firewall, switch, network gate computer and/or
edge server. The network adapter card or network interface in each computing/processing
device receives computer-readable program instructions from the network and forwards the
computer-readable program instructions for storage in the computer-readable storage

medium of each computing/processing device.

[00107] The computer program instructions for executing operations of the present
disclosure may be assembly instructions, instructions of instruction set architecture (ISA),
machine instructions, machine-related instructions, microcodes, firmware instructions, state
setting data, or source codes or target codes written in any combinations of one or more
programming languages, wherein the programming languages comprise object-oriented
programming languages, such as Smalltalk, C++ and the like, and traditional procedural
programming languages, e.g., C language or similar programming languages. The
computer-readable program instructions may be implemented fully on the user computer,
partially on the user computer, as an independent software package, partially on the user
computer and partially on the remote computer, or completely on the remote computer or
server. In the case where remote computer is involved, the remote computer may be
connected to the user computer via any type of networks, comprising local area network
(LAN) and wide area network (WAN), or to the external computer (e.g., connected via
Internet using the Internet service provider). In some embodiments, state information of the
computer-readable program instructions is used to customize an electronic circuit, e.g.,

programmable logic circuit, field programmable gate array (FPGA) or programmable logic
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array (PLA). The electronic circuit may execute computer-readable program instructions to

implement various aspects of the present disclosure.

[00108] Each aspect of the present disclosure is disclosed here with reference to the flow
chart and/or block diagram of method, apparatus (system) and computer program product
according to embodiments of the present disclosure. It should be understood that each block
of the flow chart and/or block diagram and combinations of each block in the flow chart

and/or block diagram may be implemented by the computer-readable program instructions.

[00109] The computer-readable program instructions may be provided to the processing unit
of general-purpose computer, dedicated computer or other programmable data processing
apparatuses to manufacture a machine, such that the instructions that, when executed by the
processing unit of the computer or other programmable data processing apparatuses, generate
an apparatus for implementing functions/actions stipulated in one or more blocks in the flow
chart and/or block diagram. The computer-readable program instructions may also be
stored in the computer-readable storage medium and cause the computer, programmable data
processing apparatus and/or other devices to work in a particular manner, such that the
computer-readable medium stored with instructions contains an article of manufacture,
comprising instructions for implementing various aspects of the functions/actions stipulated

in one or more blocks of the flow chart and/or block diagram.

[00110] The computer-readable program instructions may also be loaded into computer,
other programmable data processing apparatuses or other devices, so as to execute a series of
operation steps on the computer, other programmable data processing apparatuses or other
devices to generate a computer-implemented procedure. Therefore, the instructions
executed on the computer, other programmable data processing apparatuses or other devices
implement functions/actions stipulated in one or more blocks of the flow chart and/or block

diagram.

[00111] The flow chart and block diagram in the drawings illustrate system architecture,
functions and operations that may be implemented by device, method and computer program
product according to multiple implementations of the present disclosure. In this regard,
each block in the flow chart or block diagram may represent a module, a part of program
segment or code, wherein the module and the part of program segment or code comprise one
or more executable instructions for performing stipulated logic functions. In some

alternative implementations, it should be noted that the functions indicated in the block may
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also take place in an order different from the one indicated in the drawings. For example,
two successive blocks may be in fact executed in parallel or sometimes in a reverse order
dependent on the involved functions. It should also be noted that each block in the block
diagram and/or flow chart and combinations of the blocks in the block diagram and/or flow
chart may be implemented by a hardware-based system exclusive for executing stipulated

functions or actions, or by a combination of dedicated hardware and computer instructions.

[00112] Various embodiments of the present disclosure have been described above and the
above description is only exemplary rather than exhaustive and is not limited to the
embodiments disclosed herein. Many modifications and alterations, without deviating from
the scope and spirit of the explained various embodiments, are obvious for those skilled in
the art. The selection of terms in the text aims to best explain principles and actual
applications of each embodiment and technical improvements made to the technology in the
market by each embodiment, or enable other ordinary skilled in the art to understand

embodiments of the present disclosure.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:
at least one processor; and
at least one memory including computer program codes;
the at least one memory and the computer program codes are configured to, with the
at least one processor, cause the apparatus at least to:
determine a reference feature of environmental sound based on reference audio
data captured from an environment within a plurality of reference time periods;
determine a target feature of the environmental sound based on target audio data
captured from the environment within a target time period subsequent to the plurality of
reference time periods; and
perform an operation concerning noise control on the target audio data based on

a difference between the reference feature and the target feature.

2. The apparatus of Claim 1, wherein the at least one memory and the computer
program codes are configured to, with the at least one processor, cause the apparatus to:
in accordance with a determination that the difference exceeds a difference

threshold, disable the noise control on the target audio data.

3. The apparatus of Claim 1, wherein the at least one memory and the computer
program codes are configured to, with the at least one processor, cause the apparatus to:
in accordance with a determination that the difference exceeds a difference

threshold, reduce a level of the noise control on the target audio data.

4. The apparatus of Claim 1, wherein the at least one memory and the computer
program codes are configured to, with the at least one processor, cause the apparatus to:
in accordance with a determination that the difference is below a difference

threshold, enable the noise control on the target audio data.

5. The apparatus of Claim 1, wherein the at least one memory and the computer
program codes are configured to, with the at least one processor, cause the apparatus to:
determine, based on a neural network, a plurality of features of a plurality of data

samples comprised in the reference audio data, each data sample captured within one of the
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plurality of reference time periods, the neural network trained with the plurality of data
samples; and
determine the reference feature based on the plurality of features of the plurality of

data samples.

6. The apparatus of Claim 5, wherein the neural network comprises an auto-encoder.

7. The apparatus of Claim 5, wherein the at least one memory and the at least one
memory and the computer program codes are configured to, with the at least one processor,
cause the apparatus to:

determine the target feature by applying the target audio data to the neural network.

8. The apparatus of Claim 5, wherein the at least one memory and the at least one
memory and the computer program codes are configured to, with the at least one processor,
cause the apparatus to:

cause the neural network to be updated based on the target audio data, the updated

neural network trained with the target audio data.

9. The apparatus of Claim 1, wherein the at least one memory and the at least one
memory and the computer program codes are configured to, with the at least one processor,
cause the apparatus to:

select a data sample from a plurality of data samples comprised in the reference
audio data, each data sample captured within one of the plurality of reference time periods,
the selected data sample captured within a reference time period furthest from the target time
period among the plurality of reference time periods;

update the reference audio data by replacing the selected data sample with the target
audio data; and

update the reference feature based on the updated reference audio data.

10. The apparatus of Claim 1, wherein the reference feature comprises at least one
of:

a first feature of a frequency of the environmental sound,

a second feature of a source of the environmental sound,

a third feature of semantics of the environmental sound, or
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a fourth feature of a waveform of the environmental sound.

11. The apparatus of Claim 1, wherein the apparatus comprises an earphone.

12. A method comprising:

determining, by one or more processors, a reference feature of environmental sound
based on reference audio data captured from an environment within a plurality of reference
time periods;

determining, by one or more processors, a target feature of the environmental sound
based on target audio data captured from the environment within a target time period
subsequent to the plurality of reference time periods; and

performing, by one or more processors, an operation concerning noise control on
the target audio data based on a difference between the reference feature and the target

feature.

13. The method of Claim 12, wherein performing the operation concerning noise
control on the target audio data comprises:
in accordance with a determination that the difference exceeds a difference

threshold, disabling, by one or more processors, the noise control on the target audio data.

14. The method of Claim 12, wherein performing the operation concerning noise
control on the target audio data comprises:

in accordance with a determination that the difference exceeds a difference
threshold, reducing, by one or more processors, a level of the noise control on the target

audio data.

15. The method of Claim 12, wherein performing the operation concerning noise
control on the target audio data comprises:
in accordance with a determination that the difference is below a difference

threshold, enabling, by one or more processors, the noise control on the target audio data.
16. The method of Claim 12, wherein determining the reference feature based on the

reference audio data comprises:

determining, by one or more processors based on a neural network, a plurality of
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features of a plurality of data samples comprised in the reference audio data, each data
sample captured within one of the plurality of reference time periods, the neural network
trained with the plurality of data samples; and

determining, by one or more processors, the reference feature based on the plurality

of features of the plurality of data samples.

17. The method of Claim 16, wherein the neural network comprises an

auto-encoder.

18. The method of Claim 16, wherein determining the target feature comprises:
determining, by one or more processors, the target feature by applying the target

audio data to the neural network.

19. The method of Claim 16, further comprising:
causing, by one or more processors, the neural network to be updated based on the

target audio data, the updated neural network trained with the target audio data.

20. The method of Claim 12, further comprising:

selecting, by one or more processors, a data sample from a plurality of data samples
comprised in the reference audio data, each data sample captured within one of the plurality
of reference time periods, the selected data sample captured within a reference time period
furthest from the target time period among the plurality of reference time periods;

updating, by one or more processors, the reference audio data by replacing the
selected data sample with the target audio data; and

updating, by one or more processors, the reference feature based on the updated

reference audio data.

21. The method of Claim 12, wherein the reference feature comprises at least one of:
a first feature of a frequency of the environmental sound,

a second feature of a source of the environmental sound,

a third feature of semantics of the environmental sound, or

a fourth feature of a waveform of the environmental sound.

22. An apparatus comprising:

26



10

15

20

WO 2021/237650 PCT/CN2020/093172

means for determining a reference feature of environmental sound based on
reference audio data captured from an environment within a plurality of reference time
periods;

means for determining a target feature of the environmental sound based on target
audio data captured from the environment within a target time period subsequent to the
plurality of reference time periods; and

means for performing an operation concerning noise control on the target audio data

based on a difference between the reference feature and the target feature.

23. A system comprising:
one or more processors; and
one or more computer-readable media having stored thereon instructions that are
executable by the one or more processors to cause the system to:
determine a reference feature of environmental sound based on reference audio
data captured from an environment within a plurality of reference time periods;
determine a target feature of the environmental sound based on target audio data
captured from the environment within a target time period subsequent to the plurality of
reference time periods; and
perform an operation concerning noise control on the target audio data based on

a difference between the reference feature and the target feature.

24. A non-transitory computer readable medium comprising program instructions

for causing an apparatus to perform at least the method of any of claims 12-21.
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