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(57) Abstract: A voice conversion method and a related device, used for realizing the diversification of sound beautification.
The method in embodiments of the present application comprises: receiving a mode selection operation inputted by a user, the
mode selection operation being used for selecting a voice conversion mode; proving multiple available modes, comprising: a
style conversion mode used for converting the speaking style of a first voice to be converted, a dialect conversion mode used
for adding an accent to or removing an accent from said first voice, and a speech enhancement mode used for performing
speech enhancement on said first voice, and the three modes having corresponding voice conversion networks; selecting,
according to a target conversion mode selected by the user, a target voice conversion network corresponding to the target
conversion mode to convert said first voice; and outputting a second voice after conversion. In this way, the diversification of
sound beautification is realized, and the requirements of the user under different application scenes are met.
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(57) Abstract: Provided are a voice conversion method and a related device to implement

diversified human voice beautification. The method in embodiments of the present
application includes: receiving a mode selection operation inputted by a user, the mode
selection operation being used for selecting a voice conversion mode. A plurality of selectable
modes provided include: a style conversion mode for performing speaking style conversion
on a first voice to be converted; a dialect conversion mode for implementing accent addition
or accent removal on the first voice; and a voice enhancement mode for implementing voice
enhancement on the first voice. The three modes have corresponding voice conversion
networks. According to a target conversion mode selected by the user, a target voice
conversion network corresponding to the target conversion mode is selected to perform
conversion on the first voice, and a converted second voice is outputted, thereby
implementing diversified human voice beautification and meeting the requirements of the
user in different application scenarios.
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VOICE CONVERSION METHOD AND RELATED DEVICE

The present application claims priority to Chinese Patent Application No.
202010996501.5, filed with the China National Intellectual Property Administration on September
21, 2020 and entitled “VOICE CONVERSION METHOD AND RELATED DEVICE”, which is

incorporated herein by reference in its entirety.
TECHNICAL FIELD

The present application relates to the technical field of voice processing, and in particular,

to a voice conversion method and a related device.
BACKGROUND ART

Human voice beautification refers to modifying and beautifying sounds to produce a
pleasant auditory effect. Currently, voice recording functions of a lot of audio recording software
or social applications (apps) on the market each have a certain capability of human voice
beautification. For example, denoising the voice, increasing the brightness or volume of the voice,
and the like only modify the voice characteristics of the speaker himself, and human voice

beautification modes are too limited.
SUMMARY OF THE INVENTION

Embodiments of the present application provide a voice conversion method and a related
device to provide a plurality of human voice beautification modes, thereby implementing

diversified human voice beautification.

According to a first aspect, an embodiment of the present application provides a voice
conversion method. The method is applicable to a voice conversion apparatus. For example, the
apparatus may be a terminal, and the method may comprise: receiving, by the terminal, a mode
selection operation inputted by a user, the mode selection operation being used for selecting a
voice conversion mode, and then selecting, by the terminal, a target conversion mode from a
plurality of modes according to the mode selection operation, the plurality of modes comprising a
style conversion mode, a dialect conversion mode, and a voice enhancement mode; the terminal
being capable of selecting a target voice conversion network corresponding to the target

conversion mode, and implementing voice conversion by means of the target voice conversion
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network; acquiring, by the terminal device, a first voice to be converted, and further extracting
feature information of the first voice, the feature information being used for retaining content
information of the first voice; and then inputting, by the terminal, the feature information of the
first voice into the target voice conversion network corresponding to the target conversion mode,
outputting a converted second voice by means of the target voice conversion network, and finally

outputting the second voice.

In this embodiment, a plurality of selectable modes are provided, for example, a style
conversion mode for performing speaking style conversion on the first voice; a dialect conversion
mode for implementing accent addition or accent removal; and a voice enhancement mode for
implementing voice enhancement. The three modes have corresponding voice conversion
networks, and the voice conversion networks corresponding to the modes can perform conversion
on the first voice according to the user's requirements, thereby implementing diversified human

voice beautification and meeting the requirements of the user in different application scenarios.

In an optional implementation, the extracting feature information of the first voice may
specifically comprise: inputting, by the terminal, the first information into a voice feature
extraction model; and extracting a phoneme posteriorgram (PPG) feature of the first voice by
means of the voice feature extraction model, the PPG feature being used for retaining the content
information of the first voice. The PPG feature describes the size of the probability of each
phoneme in a phoneme set corresponding to a voice frame, which is equivalent to performing
phoneme recognition. The PPG feature is used for retaining the content information of the first
voice. In this example, the voice does not need to be converted into text to retain the content
information of the voice. Instead, by directly inputting the voice, and retaining the content

information of the first voice by means of the PPG feature, robustness can be further increased.

In an optional implementation, when the target conversion mode is the style conversion
mode and the target voice conversion network is a style conversion network, the style conversion
network comprises a style separation model and a voice fusion model. The method may further
comprise: acquiring, by the terminal, a third voice for extracting a style feature, inputting the third
voice into the style separation model, and separating a style feature of the third voice by means of
the style separation model; and then, further inputting the style feature and the feature information

of the first voice into the voice fusion model for fusion to obtain the second voice.
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In this embodiment, the terminal receives the first voice to be converted and the third voice
for extracting the style feature, then the first voice is inputted into the voice feature extraction
model, and the PPG feature is extracted by means of the voice feature extraction model. The PPG
feature is used for retaining the content information of the first voice, and the voice can be directly
inputted by means of the PPG feature. The terminal inputs the third voice into the style separation
model, separates the style feature of the third voice by means of the style separation model, and
finally, inputs the style feature and the PPG feature into the voice fusion model for fusion to obtain
the second voice in which the content of the first voice and the style of the third voice are fused.
The third voice may be a voice of any person, so that the first voice is converted into a voice style
of any person, thereby implementing diversified voice style conversion. In an optional
implementation, the style feature comprises a first feature, and the first feature comprises a
plurality of sub-features. The inputting the third voice into the style separation model, and
separating a style feature of the third voice by means of the style separation model may specifically
comprise: inputting, by the terminal, the third voice into the style separation model, and extracting
a vector of the first feature in the third voice by means of the style separation model, where the
first feature may be, for example, a timbre; then inputting the third voice into a sub-feature
extraction model, and extracting vectors of the sub-features by means of the sub-feature extraction
model; receiving a weight of each sub-feature among the plurality of sub-features inputted by the
user; and determining the style feature of the third voice based on the vector of the first feature,

the vector of each sub-feature, and the weight of each sub-feature.

In this embodiment, the similarity between the style of the voice to be converted and the
third voice (that is, the voice corresponding to a target template) is adjusted by means of the weight
corresponding to each sub-feature inputted by the user, and the degree of similarity is determined
by the weight inputted by the user. The degree of similarity between the final outputted voice style
and the third voice is determined by the weight, and the user can flexibly adjust the style of the
voice to be converted by adjusting the inputted weight. The style of the converted voice may be
completely the same as the style of the third voice, or may be changed on the basis of the style of

the third voice, thereby implementing diversified styles of the voice to be converted.

In an optional implementation, determining the style feature of the third voice according
to the vector of the first feature, the vector of each sub-feature, and the weight of each sub-feature

may comprise: inputting, by the terminal, the vector of the first feature into a multi-head attention
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structure; inputting a product of the vector of each sub-feature and the weight corresponding
thereto into the multi-head attention structure; and outputting the style feature of the third voice

by means of the multi-head attention structure.

In this embodiment, the multi-head attention structure enables the model to extract feature
expressions from different subspaces, each head corresponding to one sub-feature space in a high-
dimensional space, which is equivalent to decomposing the high-dimensional space, and each head
being responsible for one sub-feature space. The multi-head attention mechanism is equivalent to
a plurality of attention mechanisms having the same structure, so that the result outputted by the

multi-head attention mechanism comprises a part of the timbre of the third voice.

In an optional implementation, acquiring the third voice for extracting the style feature may

comprise:

receiving, by the terminal, a template selection operation inputted by the user, the template
selection operation being used for selecting a target template, wherein the target template may be,
for example, a style of a male announcer, a voice style of a certain “female announcer”, or the like;
acquiring, by the terminal, a voice corresponding to the target template, using the voice
corresponding to the target template as the third voice, and fusing the style feature of the third

voice into the first voice, so that diversified voice styles can be implemented.

In an optional implementation, acquiring the third voice for extracting the style feature may
specifically comprise: further being capable of receiving, by the terminal, the third voice inputted
by a second speaker, the first voice being a voice of a first speaker, and the second speaker being

any person different from the first speaker, so that diversified voice styles can be implemented.

In an optional implementation, when the target conversion mode is the dialect conversion
mode and the target voice conversion network is a dialect conversion network, the inputting the
feature information of the first voice into the target voice conversion network corresponding to the
target conversion mode, and outputting a converted second voice by means of the target voice
conversion network may further specifically comprise: inputting, by the terminal, the feature
information of the first voice into the dialect conversion network, and outputting the second voice
by means of the dialect conversion network, the first voice being a voice in a first dialect, and the

second voice being a voice in a second dialect, thereby implementing dialect conversion,
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enhancing the convenience of communication between users in different regions, and

implementing diversified voice conversion.

In an optional implementation, the dialect conversion network comprises a plurality of
dialect conversion models, each dialect conversion model being targeted at a different dialect to
be converted, and the method further comprises: the terminal being capable of receiving a selection
operation inputted by the user; and inputting the feature information of the first voice into a dialect
conversion model corresponding to the selection operation, and outputting the second voice by
means of the dialect conversion model corresponding to the selection operation. In this
embodiment, the terminal may select a corresponding dialect conversion model according to a

specific operation inputted by the user.

In an optional implementation, the method further comprises: inputting, by the terminal,
the first voice into the style separation model, and separating a style feature of the first voice by
means of the style separation model; and then inputting, by the terminal, the style feature of the
first voice and the feature information of the first voice into the dialect conversion network, and
outputting the second voice by means of the dialect conversion network, the second voice and the

first voice having the same style.

In this embodiment, the content of the second voice is the same as that of the input voice

(the first voice), and the speaking style of the input voice (the first voice) is retained.

In an optional implementation, the first voice is a far-field voice. When the target
conversion mode is the voice enhancement mode and the target voice conversion network is a
voice enhancement model, inputting the feature information of the first voice into the target voice
conversion network corresponding to the target conversion mode, and outputting the converted
second voice by means of the target voice conversion network may comprise: inputting, by the
terminal, the feature information of the first voice into the voice enhancement model
corresponding to the mode, and outputting the second voice by means of the voice enhancement
model, the second voice being a near-field voice. In this example, the far-field voice is converted
into the near-field voice to implement voice enhancement, so as to increase the clarity of the voice,

increase application scenarios, and implement diversified voice conversion.

In an optional implementation, the method further comprises: inputting, by the terminal,

the first voice into the style separation model, and separating the style feature of the first voice by
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means of the style separation model; and then inputting the style feature of the first voice and the
feature information of the first voice into the voice enhancement model, and outputting the second
voice by means of the voice enhancement model, the second voice and the first voice having the
same style. In this example, the converted voice is the same as the input voice (the first voice), and

the speaking style of the input voice (the first voice) is retained.

In an optional implementation, acquiring the first voice to be converted may comprise:
receiving the first voice inputted by the first speaker, or selecting the first voice from a locally

stored file.

According to a second aspect, an embodiment of the present application provides a voice
conversion apparatus, wherein the apparatus has a function performed by the terminal according
to the first aspect described above, the function may be implemented by hardware or by hardware
executing corresponding software, and the hardware or the software comprises one or more

modules corresponding to the function.

According to a third aspect, an embodiment of the present application provides a terminal,
comprising a processor, the processor being coupled to at least one memory, and the processor
being configured to read a computer program stored in the at least one memory, so that the terminal

performs any one of the methods according to the first aspect described above.

According to a fourth aspect, an embodiment of the present application provides a
computer-readable storage medium, the computer-readable storage medium being configured to
store a computer program, and when run on a computer, the computer program causing the

computer to perform the method according to the first aspect described above.

According to a fifth aspect, the present application provides a chip system, the chip system
comprising a processor, configured to support a terminal device in implementing functions related
to the aspects described above. In a possible design, the chip system further comprises a memory,
and the memory is configured to store program instructions and data that are necessary for the
terminal device. The chip system may be formed of a chip, or may comprise a chip and other

discrete devices.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a flowchart of steps of an embodiment of a voice conversion method in an

embodiment of the present application;

FIG. 2 is a schematic diagram of a scenario of selecting a mode in an embodiment of the

present application;

FIG. 3 is a schematic diagram of the correspondence between modes and voice conversion

networks in an embodiment of the present application;

FIG. 4 is a flowchart of steps of another embodiment of a voice conversion method in an

embodiment of the present application;

FIG. 5 is a schematic diagram of an example of performing a style conversion process on

a voice in an embodiment of the present application;

FIG. 6A is a schematic diagram of a scenario of an interface of a style conversion mode in

an embodiment of the present application;

FIG. 6B is a schematic diagram of another scenario of an interface of a style conversion

mode in an embodiment of the present application;

FIG. 7 is a schematic diagram of training and updating a style conversion network in an

embodiment of the present application;

FIG. 8 is a flowchart of steps of another embodiment of a voice conversion method in an

embodiment of the present application;

FIG. 9 is a schematic diagram of an example of performing a dialect conversion process

on a voice in an embodiment of the present application;

FIG. 10 is a schematic diagram of another example of performing a dialect conversion

process on a voice in an embodiment of the present application;

FIG. 11A is a schematic diagram of a scenario of an interface of a dialect conversion mode

and a voice enhancement mode in an embodiment of the present application;

FIG. 11B is a schematic diagram of another scenario of an interface of a dialect conversion

mode and a voice enhancement mode in an embodiment of the present application;
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FIG. 12 is a schematic diagram of training and updating a dialect conversion model in an

embodiment of the present application;

FIG. 13 is a schematic structural diagram of an embodiment of a voice conversion

apparatus in an embodiment of the present application;

FIG. 14 is a schematic structural diagram of an example of a chip in an embodiment of the

present application; and

FIG. 15 is a schematic structural diagram of another embodiment of a voice conversion

apparatus in an embodiment of the present application.
DETAILED DESCRIPTION OF THE EMBODIMENTS

The following describes the technical solutions in the embodiments of the present
application with reference to the accompanying drawings in the embodiments of the present
application. The term “and/or” appearing in the present application may be an association
relationship describing associated objects, indicating that there may be three relationships, for
example, A and/or B may indicate that A exists alone, A and B exist simultaneously, and B exists
alone. In addition, the symbol “/” in the present application generally indicates an “or” relationship
between the associated objects. The terms “first”, “second”, and the like in the specification,
claims, and accompanying drawings of the present application are intended to distinguish between
similar objects but do not necessarily indicate a specific order or sequence. It should be understood
that the terms used in this way are interchangeable in appropriate circumstances, so that the
embodiments described herein can be implemented in an order other than the order illustrated or
described herein. Moreover, the terms “comprise”, “have” and any other variants are intended to
cover non-exclusive inclusion, for example, a process, method, system, product, or device that
includes a list of steps or modules is not necessarily limited to those steps or modules expressly
listed, but may include other steps or modules not expressly listed or inherent to such a process,

method, product, or device.

An embodiment of the present application provides a voice conversion method. The
method is applicable to a terminal. The terminal may be an intelligent terminal having a voice
function, such as a mobile phone, a tablet computer, a notebook computer, or a smartwatch. The

terminal device may also be referred to as a terminal device, a user equipment (UE), or the like.
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The terminal device may be described by using a mobile phone as an example. The terminal device
is internally configured with a voice processing neural network, and the voice processing neural
network mainly includes a style conversion network, a dialect conversion network, and a voice
enhancement model. The voice processing neural network implements voice conversion
(beautification). The present application provides a plurality of selectable modes, for example, a
style conversion mode for performing speaking style conversion on the first voice; a dialect
conversion mode for implementing accent addition or accent removal; and a voice enhancement
mode for implementing voice enhancement. The three modes have corresponding voice
conversion networks. According to a target conversion mode selected by a user, the terminal
selects a target voice conversion network corresponding to the target conversion mode to perform
conversion on the acquired first voice to be converted, and outputs a converted second voice,
thereby implementing diversified human voice beautification and meeting the requirements of the

user in different application scenarios.

To better understand the present application, words involved in the present application are

first described.

Sequence to sequence (seq2seq) neural network: seq2seq is a type of encoder-decoder
structure, in which an inputted sequence is compressed into a vector of a specified length by an
encoder, and then the vector is inputted into a decoder to obtain an outputted sequence. The
seq2seq neural network means that both the encoder and the decoder are formed of a neural
network. The encoder is configured to encode the inputted sequence according to a specific rule
to generate the vector. The decoder is configured to convert the generated vector into the outputted

sequence.

Attention structure: A plurality of vectors of a specified length are generated in the encoder,
each vector is obtained by weighting an input feature, and the values of weights are related to the
output of the decoder. The purpose is for the output of the decoder to focus more on different key

parts of an input instead of the entire input.

Neural network vocoder: The neural network vocoder in essence is a neural network,
configured to convert an output feature of a voice processing neural network into a highly natural

voice.
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Style feature: The style feature includes, but is not limited to, a timbre. The timbre refers
to the quality of a sound, and is also referred to as tone quality. The timbre can reflect the quality
characteristic of a sound produced by a speaker. The timbre includes, but is not limited to, prosody,

accent, and speech rate.

Phoneme: The phoneme is the smallest phonetic unit of an articulation. For example, hao

(good) includes three phonemes in total, and wo (me) includes two phonemes in total.

Phoneme posteriorgram (PPG) feature: The phoneme posteriorgram is a posterior
probability that each voice frame belongs to a group of predefined voice units (phonemes or
triphones/auxiliary phonemes), and these voice units retain linguistic and voice information of a

voice.

Mel feature: A voice signal being stored as a waveform diagram feature is represented as
feature transformation in the time domain of the voice signal. However, the frequency distribution
of a voice signal cannot be learned according to only the waveform diagram feature. Through the
analysis of the frequency domain of the voice signal, the features of the voice can be extracted. As
a feature representation of a voice signal, the Mel feature can clearly represent the formant

characteristics of the voice.

Referring to FIG. 1, the present application provides an embodiment of a voice conversion
method, and the method is performed by a terminal device. Alternatively, the method may be
performed by a processor in the terminal device, or the method may be performed by a chip in the
terminal device. In this embodiment of the present application, a description is provided using an
example in which the method is performed by a terminal, and the terminal is a mobile phone. The
terminal is internally configured with a voice processing neural network, and the voice processing
neural network mainly includes a style conversion network, a dialect conversion network, and a

voice enhancement model.

Step 101: A terminal receives a mode selection operation inputted by a user, the mode

selection operation being used for selecting a voice conversion mode.

Referring to FIG. 2, the mode selection operation may be a tap operation, and a plurality
of modes include a style conversion mode, a dialect conversion mode, and a voice enhancement

mode. Each mode has a corresponding voice conversion network, and the voice is converted by
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means of the corresponding voice conversion network. For example, the style conversion mode is
used for converting a voice style. The dialect conversion mode is used for dialect conversion, such
as “Accent addition”, “Accent removal”, or the like. The voice enhancement mode is used for

converting a far-field voice into a near-field voice.

Step 102: The terminal selects a target conversion mode from a plurality of modes
according to the mode selection operation, the plurality of modes including a style conversion

mode, a dialect conversion mode, and a voice enhancement mode.

A list of the plurality of modes may be displayed on a display interface of the terminal, and
the user selects a target conversion mode from the plurality of modes by means of a tap operation
according to requirements, where the target conversion mode may be any one of the foregoing

three modes.

The terminal selects a target voice conversion network corresponding to the target

conversion mode.

Referring to FIG. 3, the style conversion mode corresponds to a style conversion network,
the dialect conversion mode corresponds to a dialect conversion network, and the voice
enhancement mode corresponds to a voice enhancement model. The terminal determines a target
voice conversion network corresponding to the target conversion mode according to the
correspondence between the modes and the voice conversion networks. For example, when the
user selects the style conversion mode, the target voice conversion network is the style conversion
network. When the user selects the dialect conversion mode, the target voice conversion network
is the dialect conversion network. When the user selects the voice enhancement mode, the target

voice conversion network is the voice enhancement model.
Step 103: The terminal acquires a first voice to be converted.
In a first implementation, the terminal receives the first voice inputted by a first speaker.

The terminal device receives, by means of a microphone, the first voice inputted by the
first speaker. The terminal device receives a first operation inputted by the user (the user may be
the same person as the first speaker, or may be a different person), and the first operation is an
operation of recording a voice. For example, the first operation may be a tap operation. The user

taps a “Start recording” button on the screen of the mobile phone, and after receiving the first
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operation, the mobile phone starts to record the voice inputted by the user, the voice being a voice

(i.e., the first voice) that the user desires to beautify (or process).
In a second implementation, the terminal selects the first voice from a locally stored file.

The terminal device may acquire the first voice from the locally stored file. The terminal
device receives a second operation inputted by the user, and the second operation is an operation
of selecting a voice file. For example, the user taps a “Select a file” button on the screen of the
mobile phone, and according to the second operation, the mobile phone may display a list of voices
to be selected. Then, the terminal device receives a third operation inputted by the user, the third
operation is used for selecting a target voice, and the terminal device uses the target voice as the

first voice.
Step 104: The terminal extracts feature information of the first voice.

The feature information may be a Mel frequency cepstrum coefficient (MFCC) feature.
Alternatively, the feature information is a phoneme posteriorgram (PPG) feature. In this
embodiment of the present application, the feature information of the first voice is described by
using a PPG feature as an example. The PPG feature describes the size of the probability of each
phoneme in a phoneme set corresponding to a voice frame, which is equivalent to performing

phoneme recognition. The PPG feature is used for retaining content information of the first voice.

Step 105: The terminal inputs the feature information of the first voice into a target voice
conversion network corresponding to the target conversion mode, and outputs a converted second

voice by means of the target voice conversion network.

In a first mode, the target voice conversion network is the style conversion network.
Exemplarily, the terminal acquires a third voice for extracting a style feature, then inputs the third
voice into a style separation model, and separates a style feature of the third voice by means of the
style separation model; and finally inputs the style feature and the PPG feature of the first voice

into the voice fusion model for fusion to acquire the second voice.

In a second mode, the feature information of the first voice is inputted into the dialect
conversion network, and the second voice is outputted by means of the dialect conversion network,

the first voice being a voice in a first dialect, and the second voice being a voice in a second dialect.
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In a third mode, the PPG feature of the first voice is inputted into the voice enhancement
model corresponding to the mode, and the second voice is outputted by means of the voice

enhancement model, the second voice being a near-field voice.

Human voice beautification includes a plurality of modes, the plurality of modes include a
style conversion mode, a dialect conversion mode and a voice enhancement mode, and the first
voice may be beautified according to the mode selected by the user. For example, the style of the
first voice is beautified, dialect conversion is performed on the first voice, or voice enhancement

is performed on the first voice, and so on, implementing diversified human voice beautification.
Step 106: The terminal outputs the second voice.
The terminal outputs the converted second voice by means of a loudspeaker.

In the embodiments of the present application, there are provided a plurality of selectable
modes, for example, a style conversion mode for performing speaking style conversion on the first
voice; a dialect conversion mode for implementing accent addition or accent removal; and a voice
enhancement mode for implementing voice enhancement. The three modes have corresponding
voice conversion networks, and the voice conversion networks corresponding to the modes can
perform conversion on the first voice according to the user's requirements, thereby implementing
diversified human voice beautification and meeting the requirements of the user in different

application scenarios.

Referring to FIG. 4, an embodiment of the present application provides another
embodiment of voice conversion, and in this embodiment, a style conversion mode is described,
that is, performing style conversion on a first voice is described as an example. The mode is a style

conversion mode, and the target voice conversion network is a style conversion network.

Step 401: A terminal acquires a first voice to be converted and a third voice for extracting

a style feature.

For a method for acquiring the first voice by the terminal in this step, refer to the description

of step 103 in the embodiment corresponding to FIG. 1. Details are not described here again.
The terminal acquires the third voice in the following manner:

In a first implementation, the terminal receives a template selection operation inputted by

a user, and the terminal selects, according to the template selection operation, a voice
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corresponding to a target template, and then uses the voice corresponding to the target template as
the third voice. For example, the target template includes, but is not limited to, “Male announcer”,

“Female announcer”, “Actor's voice”, etc.

Optionally, the target template may also be a category. Further, the terminal device receives
a sub-template selection operation, and the terminal device selects, according to the sub-template
selection operation, a target voice corresponding to a sub-template. For example, a list of sub-
templates under the category of “Male announcer” includes “Announcer A”, “Announcer B”,
“Announcer C”, etc. A list of sub-templates under the category of “Female announcer” includes
“Announcer D”, “Announcer C”, etc. A list of sub-templates under the category of “Actor's voice”
includes “Actor D”, “Actor F”, etc. For example, the user selects “Announcer A”, and according
to the sub-template selection operation inputted by the user, the terminal device selects a voice
corresponding to “Announcer A” as the third voice. It should be noted that the examples of the
target template and the sub-template in this embodiment are all examples for description, and are

not intended to be limiting.

In a second implementation, the terminal may receive the third voice inputted by a second
speaker. Exemplarily, the terminal device receives the template selection operation inputted by the
user, the target template selected by the template selection operation is “Voice of any person”, and
the terminal may use a voice corresponding to “Voice of any person” as the third voice. For
example, the user taps a “voice of any person” option, and the terminal starts to record the third

voice, the second speaker being any person different from the first speaker.

Optionally, the third voice may be a recorded voice that is locally pre-stored. For example,
the third voice may be the voice of a favorite character in a movie (a cartoon character's voice, or
a certain actor's voice). Optionally, the third voice may also be a voice that is downloaded from

the Internet in advance and then stored in the terminal device.

Step 402: The terminal inputs the first voice into a voice feature extraction model, and
extracts a PPG feature of the first voice by means of the voice feature extraction model, the PPG

feature being used for retaining content information of the first voice.

Referring to FIG. 5, the terminal inputs the first voice into the voice feature extraction
model, and extracts the PPG feature of the first voice by means of the voice feature extraction

model. Exemplarily, the voice feature extraction model may be a deep neural network. The voice
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feature extraction model includes a plurality of convolutional layers, two LSTM layers, and one
fully connected layer. The voice feature extraction model outputs the PPG feature of the first voice.
The PPG feature describes the size of the probability of each phoneme in a phoneme set
corresponding to a voice frame, which is equivalent to performing phoneme recognition. The PPG
feature is used for retaining the content information of the first voice. The voice feature extraction

model is obtained by training in advance on a large number of linguistic materials.

In this embodiment, the PPG feature is inputted as the content information of the first voice,
and these voice units (phonemes) retain linguistic and voice information of the voice. Compared
with an automatic speech recognition (ASR) technology, robustness can be further improved by
using the PPG feature, as the ASR technology needs to first convert a voice into a text, thereby
increasing the probability of error in voice content recognition. In this embodiment, the PPG
feature is inputted as the content information of the first voice, that is, a voice can be directly

inputted without being converted into text content, thereby improving robustness of a system.

Step 403: The terminal inputs the third voice into a style separation model, and separates a

style feature of the third voice by means of the style separation model.

The style feature includes a first feature, and the first feature includes a plurality of sub-
features. For example, the first feature is a timbre feature, and the plurality of sub-features include

prosody, accent, speech rate, etc.

The style separation model is used to separate the style feature of the third voice. The style
separation model includes a timbre separation model. The timbre separation model is used to
separate the timbre feature of the third voice, thereby obtaining a vector of the first feature (i.e. a

timbre feature vector).

Optionally, the style conversion network further includes a plurality of sub-feature
extraction models and a multi-head attention structure. The terminal inputs the third voice into the
sub-feature extraction models, and extracts a vector of a sub-feature by means of the sub-feature
extraction model. For example, the plurality of sub-feature extraction models include a prosody
extraction model, an accent extraction model, and a speech rate extraction model. For example,
the prosody extraction model is used to extract a prosody feature in the third voice to obtain a

prosody vector. The accent extraction model is used to extract an accent feature in the third voice
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to obtain an accent vector. The speech rate extraction model is used to extract a speech rate feature

in the third voice to obtain a speech rate vector.

First, the terminal receives a weight of each of the plurality of sub-features inputted by the
user. In an example, adjustment bars for prosody, speech rate, and accent are displayed on a screen
of'a mobile phone, and the user may input a weight corresponding to each sub-feature by adjusting
the adjustment bar of each sub-feature. The weight corresponding to each sub-feature may be
flexibly adjusted according to the user's own needs. For example, setting “Prosody” to 10%
indicates that the final outputted voice has a similarity of 10% to the prosody of the target template,

that is, a parameter having a value of 0.1 is transferred to a built-in sub-feature extraction model.

In another example, several levels are pre-configured. For example, there may be three
levels, and the weight of each sub-feature at each level is pre-configured according to an empirical
value. For example, at a first level, the weight of prosody is 0.1, the weight of speech rate is 0.2,
and the weight of accent is 0.1. At a second level, the weight of prosody is 0.2, the weight of speech
rate is 0.2, and the weight of accent is 0.1, and so on and so forth. The terminal determines the
weight corresponding to each sub-feature by receiving a level inputted by the user. In this example,
the user does not need to adjust the weight of each sub-feature separately, and the user only needs

to select the level, which is convenient for the user to operate.

Then, the terminal determines the style feature of the third voice according to the vector of

the first feature, the vector of each sub-feature, and the weight of each sub-feature.

The terminal multiplies the weight corresponding to each sub-feature inputted by the user
by the vector of each sub-feature. The result of the multiplication and the vector of the first feature
(such as the timbre vector) are simultaneously inputted into the multi-head attention structure for
attention alignment, so that the multi-head attention structure outputs a style vector, which is the
style feature of the third voice. The multi-head attention structure enables the model to extract
feature expressions from different subspaces, each head corresponding to one sub-feature space in
a high-dimensional space, which is equivalent to decomposing the high-dimensional space, each
head being responsible for one sub-feature space. The multi-head attention mechanism is
equivalent to a plurality of attention mechanisms having the same structure, so that the result

outputted by the multi-head attention mechanism includes a part of the timbre of the third voice.
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For example, the structure outputted by the multi-head attention mechanism may be a 256-

dimension style embedding vector (style feature).

In this embodiment, the similarity between the style of the voice to be converted and the
third voice is adjusted by means of the weight corresponding to each sub-feature inputted by the
user, and the degree of similarity is determined by the weight inputted by the user. The user may
select whether to input the weight, and if the user selects to input the weight, the degree of
similarity between styles of the final outputted voice and the third voice is determined by the input
weight. If the user selects not to input the weight, the style of the final outputted voice will be
exactly the same as the style (or timbre, in which timbre is used as an example of the style) of the
third voice. The user can flexibly adjust the style of the voice to be converted by adjusting the
input weight. The style of the converted voice may be completely the same as the style of the third
voice, or may be changed on the basis of the style of the third voice, thereby implementing
diversified styles of the voice to be converted. For example, the style of the converted voice may
be a voice style of a certain “Male announcer”, or a voice style of a certain “Female announcer”,
or a voice style of any person, and may be changed on the basis of the voice styles of the “Male
announcer”, the “Female announcer”, or any person, so that diversified voice styles can be

implemented.

Step 404: The terminal inputs the style feature and the PPG feature into a voice fusion

model for fusion to obtain a second voice.

Exemplarily, the voice fusion model is a seq2seq neural network, and an attention
mechanism is introduced into the seq2seq neural network. The seq2seq neural network includes
an encoder, a decoder, and an attention structure. Any combination of neural network models may
be used for the models of the encoder and the decoder, including, for example, any one or a
combination of any two of a convolutional neural network (CNN), a recurrent neural network
(RNN), and a long short-term memory (LSTM). For example, in the present application, the
encoder may include three convolutional layers and one bidirectional LSTM layer. The PPG
feature is first inputted into the encoder, and the encoder encodes the inputted PPG sequence into
a vector of a fixed dimension. Since the length of the input sequence may be long, it is difficult to
express rich information in one vector during decoding, and thus an attention mechanism is

introduced. Then, the vector of the style feature and the PPG vector outputted by the encoder are
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tiled in width to obtain an attention input matrix. Then, the attention input matrix is sent to the
attention structure frame by frame, and the attention structure cooperates with the encoder to output
a Mel (which may also be referred to as a Mel frequency spectrum) feature of the second voice.
The Mel frequency spectrum feature is a feature representation form of the second voice. After
encoding is completed, an output vector of an encoding module is weighted differently to obtain
several vectors, each vector corresponding to one output, thereby ensuring that an output sequence

is focused on an input sequence instead of depending on all input sequences.
Step 405: The terminal outputs the second voice.

The Mel frequency spectrum feature is an intermediate representation, and although the
Mel frequency spectrum contains information of the output voice, the Mel frequency spectrum
cannot be directly played, and needs to go through the inverse process of converting a voice signal
into a Mel spectrogram. In the present application, a playable audio file may be generated by a
vocoder by means of an acoustic feature of the Mel frequency spectrum. The vocoder may be a
neural network vocoder, and the network is responsible for converting a Mel feature into a highly
natural voice signal. The network is formed of a plurality of convolutional layers and
deconvolutional layers, and the final output is a voice that can be played. Content in the voice is
the same as that in the first voice, and the speaking style is the same as that in the third voice. The
terminal may directly play the second voice. Optionally, the user may select whether to retain the

second voice. If the user selects to retain the second voice, the terminal stores the second voice.

In this embodiment, the terminal receives the first voice to be converted and the third voice
for extracting the style feature, then the first voice is inputted into the voice feature extraction
model, and the PPG feature is extracted by means of the voice feature extraction model. The PPG
feature 1s used for retaining the content information of the first voice, and the voice can be directly
inputted by means of the PPG feature. The terminal inputs the third voice into the style separation
model, separates the style feature of the third voice by means of the style separation model, and
finally, inputs the style feature and the PPG feature into the voice fusion model for fusion to obtain
the second voice in which the content of the first voice and the style of the third voice are fused.
The third voice may be a voice of any person, so that the first voice is converted into a voice style

of any person, thereby implementing diversified voice style conversion.
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In an application scenario, the voice processing neural network in the present application
is built in an application. For example, the app may be an instant messaging app or a human voice
beautification app, and the human voice beautification app may be applied to an audio recording
or video recording scenario. For example, the user may beautify a voice to be sent by means of the
app. In the audio recording or video recording scenario, after recording a voice or a video with a
voice by using the terminal, the user may beautify the voice by means of an app formed in the

present invention.

Referring to FIGS. 6A and 6B, a method for performing human voice beautification by a

user by means of the app may include:

1). After the user taps a “Start recording” button on a screen, the user may record a voice
(a first voice) that the user desires to process. Alternatively, the user may tap “Select a file”, and
then select a voice from a local file as the first voice. Moreover, the first voice that has been read

may be displayed by means of an audio waveform.

2). The user selects a target template in an interface, that is, the user selects a third voice.
When the user selects “Simulating Actor F”, “Male announcer” or “Female announcer”, a voice
already stored in the terminal is used by default. When the user selects “Voice of any person”, the
user needs to tap a “Start recording” or “Select a file” button to input the voice of any person into

the app.

If the user taps the “Start recording” button, the terminal device starts to record voice of
any person, that is, to receive third voice inputted by a second speaker. If the user taps “Select a
file”, the terminal device selects an already stored voice of any person from a local file, and uses

the voice as the third voice.

3). The user selects an input style feature weight (also referred to as a “sub-feature weight™)
under “Style similarity adjustment”. For example, setting “Prosody” to 20% indicates that the final
outputted voice has a similarity of 20% to the prosody of the target template, and the app transfers
a parameter having a value of 0.2 to a built-in neural network model. Similarly, setting “Speech
rate” to 30% indicates that the speech rate of the final outputted voice has a similarity of 30% to
the speech rate of the target template, and setting “Accent” to 40% indicates that the accent of the

final outputted voice has a similarity of 40% to the accent of the target template. It should be noted
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that the adjustable style features include, but is not limited to, pitch, intensity, duration, timbre,

etc. The timbre includes, but is not limited to, prosody, speech rate, and accent.

4). After the user taps a “Start beautification” button, the inputs in steps 1, 2, and 3 are
simultaneously inputted into a trained voice processing neural network built in the app, and a
processed voice (a second voice) is outputted after being processed by the voice processing neural
network, where content of the voice is the same as content of the first voice, the style of the voice
is similar to the target template, and the degree of similarity is determined by the style feature

weight used for input.

5). The user can see a processed voice waveform on the interface of the app, and there will
also be three buttons, “Play”, “Save file” and “Re-record”. When the user taps “Play”, the
processed voice (the second voice) is played by means of a loudspeaker of the mobile phone. When
the user taps “Save file”, the terminal saves the processed voice (the second voice) locally. When

the user taps “Re-record”, the terminal starts to perform re-processing, that is, returns to step 4.

The style conversion network and the application scenario are described above. The

training and updating processes of the style conversion network will be described below.

The style conversion network is a neural network including three parts, namely, a voice
feature extraction part (i.e., a voice feature extraction model), a style separation part (i.e., including
a style separation model, a multi-head attention structure, and a plurality of sub-feature extraction

models), and a voice fusion model.

Referring to FIG. 7, in FIG. 7, a black solid line indicates a flow direction of input data,
and a thick dashed line indicates a direction of parameter updating. In the style conversion network,
the style separation model and the voice feature extraction model do not participate in network

updating.

The style separation model is trained in advance using a large amount of voice data of
different speakers. That is, a training dataset of the style separation model includes a large number
of linguistic materials of different speakers (voices of different speakers have different timbre
features), and the style separation model is trained on the training set to obtain the style separation

model. The style separation model does not participate in parameter updating of the entire network.
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The voice feature extraction model is trained in advance on a large number of linguistic
materials. For example, an input of sample data included in the training dataset is a voice, and a
label is a PPG feature of the inputted voice. The voice feature extraction model is used to extract
the PPG feature, and the voice feature extraction model does not participate in parameter updating

of the entire network.

Except for the style separation model and the voice feature extraction model, other models

in the entire network participate in the training and updating of the entire network.

Please refer to the models through which the thick dashed lines pass in FIG. 7. Among the
multi-head attention structure, each sub-feature extraction model, and the Seq2seq neural network
(including the encoder, the decoder, and the attention structure), each structure may be a neural
network, and each neural network may include a plurality of convolutional layers, fully connected
layers, LSTM layers, and other structural layers, while the weight parameters of each layer need

to be trained on a large amount of data to be obtained.

The updating of the style conversion network in the present application is different from
the conventional method in that, since the style separation model and the voice feature extraction
model in the present application have been pre-trained and do not participate in the network
updating, the training of the style separation model does not need to be considered. Accordingly,
an input and a label do not need to be two pieces of voice having the same content (two pieces of
voice spoken by two different people), which greatly reduces the amount of sample data. A first
Mel feature is obtained from the label through a short-time fourier transform (STFT) algorithm.
After the voice is inputted into the style conversion network, the output through this network is a
second Mel feature. A loss value and a gradient are obtained by comparing the first Mel feature
and the second Mel feature. The output of this network is compared with the Mel feature obtained
from the input through the STFT algorithm to obtain the loss value and the gradient thereof. In
FIG. 7, the thick dashed lines indicate flow directions of gradients. Only when a gradient flows
through a corresponding structure will the parameters in the structure be updated. Further, the style
separation model and the voice feature extraction model are obtained by training in advance and
do not need to participate in the parameter updating of the network. The loss value is an indicator

for determining when the network stops training. When the loss value drops to a certain value and

21
IPR2026-00274
Krisp Technologies EX1015 Page 23



there is no obvious continuing decreasing trend, it indicates that the network has converged, and

the training can be stopped.

The entire style conversion network does not use a style label (that is, the input and the
label are in the same voice sequence) to obtain the capability of voice beautification. This network
learning method is an unsupervised learning method, and the style conversion network trained by
the unsupervised learning method can support the user to manually adjust the degree of

beautification for the recorded voice and can combine the speaking styles of different speakers.

Referring to FIG. 8, an embodiment of the present application provides another
embodiment of voice conversion, and the dialect conversion mode and the voice enhancement

mode are described in this embodiment.

The dialect conversion network includes a plurality of dialect conversion models, and the
dialect conversion models are used to perform dialect conversion on the inputted first voice. The
voice enhancement model is used for converting a far-field voice into a near-field voice to

implement voice enhancement.

The plurality of dialect conversion models include at least two types. A first type is accent
removal, namely, converting a dialect into Mandarin. For example, Sichuanese is converted into
Mandarin. A second type is accent addition, that is, converting Mandarin into a dialect, for
example, converting Mandarin into Sichuanese, or the like. Each dialect conversion model is
targeted at a different dialect to be converted. Dialect conversion can enhance the convenience of
communication between users in different regions, thereby implementing diversified voice
conversion. It should be noted that only two types are exemplified herein for illustration; certainly,
in an optional solution, two dialect conversion models may also be used in conjunction to perform
conversion between two dialects. For example, to convert Sichuanese into Cantonese, it is possible

to first convert Sichuanese into Mandarin, and then convert Mandarin into Cantonese.
Step 801: A terminal receives a mode selection operation inputted by a user.

For example, different processing modes for a voice are displayed on a user interface of
the terminal. For example, the processing modes may include a “dialect switching mode” and a
“voice enhancement mode”. The model selection operation may be a tap operation, and when the

user taps the “dialect switching mode”, the user selects a dialect switching processing mode.

22
IPR2026-00274
Krisp Technologies EX1015 Page 24



Step 802: The terminal receives a selection operation inputted by the user.

Alternatively, when the mode selection operation is used for selecting the dialect switching
mode, the mode selection operation (a first-level operation) may further include a plurality of
selection operations of a next level (second-level operations), for example, a first selection
operation and a second selection operation. The first selection operation is used for selecting
“Accent removal”, and the second selection operation is used for selecting “Accent addition”. Each
second-level operation may include a plurality of third-level operations. In an application scenario,
when the user selects “Accent dialect switching”, second-level classification options of “Accent
removal” and “Accent addition” will appear. When the user selects “Accent addition”, the user
interface of the terminal displays third-level classification labels of accent options of different
places, for example, “Sichuan accent”, “Guangdong accent”, etc. The terminal receives a third-
level selection operation inputted by the user, such as a first operation, a second operation, and the
like. The first operation is used for selecting to convert Sichuanese into Mandarin, the second
operation is used for selecting to convert Mandarin into Sichuanese, and so on. The terminal may
select a corresponding dialect conversion model according to a specific operation inputted by the

user.

Step 803: The terminal inputs feature information of a first voice into a dialect conversion
model corresponding to the selection operation, and outputs a second voice by means of the dialect

conversion model corresponding to the selection operation.

Referring to FIG. 9, when the mode selection operation is used for selecting the dialect
switching mode, the terminal inputs a PPG feature into a dialect switching model (a seq2seq neural
network) according to the mode selection operation, outputs a Mel feature form of the second voice
by means of the dialect switching model, and then converts the Mel feature into a playable voice
form by means of a neural network vocoder. The first voice is a voice in a first dialect, and the

second voice is a voice in a second dialect.

Optionally, the terminal inputs third voice into a style separation model, and separates the
style feature of the first voice by means of the style separation model to obtain a timbre feature
vector of the first voice. Then, the PPG feature of the first voice and the timbre feature vector of
the first voice are inputted into the dialect conversion model corresponding to the selection

operation, and the second voice is outputted by means of the dialect conversion model
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corresponding to the selection operation. Content of the second voice is the same as that of the

input voice (the first voice), and the speaking style of the input voice (the first voice) is retained.

It should be noted that, in the embodiments of the present application, the dialect is a
“language of a place”, for example, Sichuanese, Cantonese, etc. Mandarin is also a dialect. In
Chinese, Mandarin uses the Beijing voice as the standard pronunciation and can be understood as

a dialect based on Northern Chinese. That is, in the present application, Mandarin is also a dialect.

Exemplarily, the first dialect is Sichuanese, and the second dialect is Mandarin.
Alternatively, the first dialect is Mandarin, and the second dialect is Sichuanese, or the second
dialect is a Northeastern dialect, and so on. Specifically, the first dialect and the second dialect are

not limited.

Referring to FIG. 10, the dialect conversion network includes N dialect conversion models,
each dialect conversion model is targeted at a different dialect to be converted, and conversion of
each dialect has a corresponding model. For example, among the plurality of dialect conversion
models, a first dialect conversion model is used to convert Sichuanese into Mandarin, a second
dialect conversion model is used to convert Mandarin into Cantonese, an integrated model of the
first dialect conversion model and the second dialect conversion model may convert Sichuanese
into Cantonese, and so on. In this example, the first dialect and the second dialect are illustrated,

which is not intended to limit the present application.

Optionally, when a mode corresponding to the mode selection operation is the voice
enhancement mode, the terminal inputs the PPG feature of the first voice into the voice
enhancement model corresponding to the mode, and outputs the second voice by means of the
voice enhancement model, where the first voice is a far-field voice, and the second voice is a near-
field voice. The far-field voice is converted into the near-field voice, thereby implementing voice
enhancement, increasing application scenarios, and implementing diversified voice conversion.
The voice enhancement model is obtained by learning performed based on sample data in a training
dataset, the sample data includes an input and a label, the input is a far-field voice, and the label is

a near-field voice.

Optionally, the first voice is inputted into the style separation model, and the style feature
of the first voice is separated by the style separation model. Then, the style feature of the first voice

and the feature information of the first voice are inputted into the voice enhancement model, and
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the second voice is outputted by means of the voice enhancement model, the second voice and the
first voice having the same style. In this example, the converted voice is the same as the input

voice (the first voice), and the speaking style of the input voice (the first voice) is retained.
For example, in an application scenario, refer to FIGS. 11A and 11B.

a. After the user taps the “Start recording” button, the terminal records a voice (the first
voice) that the user desires to process, or the user may tap the “Select a file” button, and the
terminal selects a voice from a local file as the first voice. Optionally, the terminal may display a

waveform of an audio that has been read.

b. The user selects a voice processing mode in the interface. The interface displays a first-
level classification label. For example, the first-level classification label includes “Dialect
switching” and “Voice enhancement”. When the user selects “Dialect switching”, the interface
displays second-level classification labels. For example, the second-level classification labels
include “Accent removal” and “Accent addition”. When the user selects “Accent addition”, the
interface displays third-level classification labels of accent options of different places, for example,
“Guangdong accent”, “Sichuan accent”, “Fujian accent”, etc. Alternatively, the user may select a

“Voice enhancement” mode.
c. The terminal selects a corresponding model according to the mode selected by the user.

d. After the user taps the “Start beautification” button, the first voice is inputted into the
selected model (for example, a dialect conversion model for converting Mandarin to a Guangdong
accent), and after being processed by the dialect conversion model for a period of time, a processed
second voice is outputted, where the content of the second voice is the same as that of the input
voice (the first voice), and the speaking style of the input voice (the first voice) is retained.
Alternatively, the first voice is inputted into the selected voice enhancement model, and after being
processed by the voice enhancement model for a period of time, a processed second voice is
outputted, where the content of the second voice is the same as that of the input voice (the first
voice), and the speaking style of the input voice (the first voice) is retained. The first voice is a far-

field voice, and the second voice is a near-field voice.

e. Finally, the user can see a processed voice waveform on the display interface. The

display interface further displays three buttons, “Play”, “Save file”, and “Re-record”. When the

25
IPR2026-00274
Krisp Technologies EX1015 Page 27



user taps the “Play” button, the processed voice will be played by means of the loudspeaker of the
mobile phone. When the user taps the “Save file” button, the terminal saves the processed voice
locally. When the user taps the “Re-record” button, the terminal re-processes the first voice, and
selects a corresponding model according to the selection operation of the user on the interface at

this time, while returning to step d.

The training and updating processes of the dialect conversion model will be described

below.

Referring to FIG. 12, each dialect conversion model has the same structure, and each
dialect conversion model is a seq2seq neural network. The seq2seq neural network includes an
encoder, a decoder, and an attention structure. Different dialect conversion models correspond to
different training datasets, and parameters of each layer are different. For example, a first dialect
conversion model is to convert Sichuanese to Mandarin, and each piece of sample data in the
training dataset corresponding to the first dialect conversion model includes an input and a label.
The input is a Sichuanese voice, and the label is a Mandarin voice having the same content as the
Sichuanese voice. A second dialect conversion model is to convert Mandarin to Sichuanese, and
each piece of sample data in the training dataset corresponding to the first dialect conversion model
includes an input and a label. The input is a Mandarin voice, and the label is a Sichuanese voice
having the same content as the Mandarin voice. So on and so forth. Different dialect conversion
models perform learning on different training datasets. In FIG. 12, parameter updates of modules

in a dialect conversion model are used as an example.

A training manner of this training solution is substantially the same as that of a style
conversion network. A style separation model and a voice feature extraction model are already
trained in advance, and do not participate in network updating, that is, training of the style
separation model and the voice feature extraction model does not need to be considered.
Accordingly, a third Mel feature is obtained from a label through an STFT algorithm, and the
output through this network is a fourth Mel feature. A loss value and a gradient are obtained by
comparing the third Mel feature and the fourth Mel feature. The fourth Mel feature outputted by
this network is compared with the third Mel feature obtained from the input through the STFT
algorithm to obtain the loss value and the gradient. In FIG. 12, the thick dashed lines indicate flow

directions of gradients. Only when a gradient flows through a corresponding structure (for
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example, an encoder, an attention structure, and a decoder) will the parameter in the module be
updated. Further, the style separation model and the voice feature extraction model are obtained
by training in advance and do not need to participate in the parameter updating of the network.
The loss value is an indicator for determining when the network stops training. When the loss
value drops to a certain value and there is no obvious continuing decreasing trend, it indicates that

the network has converged, and the training can be stopped.

In the embodiment of the present application, style features such as timbre, prosody, and
speech rate in the voice are extracted by means of unsupervised learning, so as to implement
controllable beautification of the style of the voice. For a voice beautification scenario in which
the user desires the style of the processed voice to be the same as that before processing, for
example, an application scenario of dialect conversion and voice enhancement, in the present
application, the style of the processed voice can remain unchanged while implementing dialect
conversion or voice enhancement. In the present application, artificial intelligence technology is
used to provide a more convenient and abundant method for implementing human voice
beautification, which can cover more scenarios. The effect of accent removal, accent addition or
voice enhancement of any person is achieved, while the input and output voice styles can remain

unchanged.

In the embodiments of the present application, training and updating of the models may be
performed by a server, and the server downloads the trained voice processing neural network from
the terminal to a local end. In practical applications, the voice processing neural network is built

in an app, for example, the app is an instant messaging app, and the like.

A voice conversion method has been described above. Referring to FIG. 13, a voice
conversion apparatus 1300 to which the method is applied will be described below. The voice
conversion apparatus includes an input module 1320, a processing module 1310, an acquisition

module 1330, and an output module 1340.

The input module 1320 is configured to receive a mode selection operation inputted by a

user, the mode selection operation being used for selecting a voice conversion mode.

The processing module 1310 is configured to select a target conversion mode from a

plurality of modes according to the mode selection operation received by the input module 1320,
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the plurality of modes including a style conversion mode, a dialect conversion mode, and a voice

enhancement mode.
The acquisition module 1330 is configured to acquire a first voice to be converted.

The processing module 1310 is further configured to: extract feature information of the
first voice acquired by the acquisition module 1330; input the feature information of the first voice
into a target voice conversion network corresponding to the target conversion mode, and output a

converted second voice by means of the target voice conversion network.
The output module 1340 is configured to output the second voice.

In an optional implementation, the processing module 1310 is further configured to: input
the first information into a voice feature extraction model, and extract a phoneme posteriorgram
(PPG) feature of the first voice by means of the voice feature extraction model, the PPG feature

being used for retaining content information of the first voice.

In an optional implementation, when the target conversion mode is the style conversion
mode and the target voice conversion network is the style conversion network, the style conversion

network includes a style separation model and a voice fusion model.

The acquisition module 1330 is configured to acquire a third voice for extracting a style

feature.

The processing module 1310 is further configured to: input the third voice into the style
separation model, and separate a style feature of the third voice by means of the style separation

model.

The processing module 1310 is further configured to input the style feature and the feature

information of the first voice into the voice fusion model for fusion to obtain the second voice.

In an optional implementation, the style feature includes a first feature, and the first feature

includes a plurality of sub-features.

The processing module 1310 is further configured to: input the third voice into the style
separation model, and extract a vector of the first feature of the third voice by means of the style
separation model; and input the third voice into a sub-feature extraction model, and extract vectors

of the sub-features by means of the sub-feature extraction model.
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The input module 1320 is further configured to receive a weight of each sub-feature among

the plurality of sub-features inputted by the user.

The processing module 1310 is further configured to determine the style feature of the third
voice based on the vector of the first feature, the vector of each sub-feature received by the input

module 1320, and the weight of each sub-feature received by the input module 1320.

In an optional implementation, the processing module 1310 is further configured to: input
the vector of the first feature into a multi-head attention structure, input a product of the vector of
each sub-feature and the weight corresponding to the sub-feature into the multi-head attention
structure, and output the style feature of the third voice by means of the multi-head attention

structure.

In an optional implementation, the acquisition module 1330 is further configured to:
receive a template selection operation inputted by the user, the template selection operation being
used for selecting a target template; and acquire a voice corresponding to the target template, and

use the voice corresponding to the target template as the third voice.

In an optional implementation, the acquisition module 1330 is further configured to receive
the third voice inputted by a second speaker, the first voice being a voice of a first speaker, and

the second speaker being any person different from the first speaker.

In an optional implementation, the target conversion mode is the dialect conversion mode
and the target voice conversion network is a dialect conversion network. The processing module
1310 is further configured to input the feature information of the first voice into the dialect
conversion network, and output the second voice by means of the dialect conversion network, the

first voice being a voice in a first dialect, and the second voice being a voice in a second dialect.

In an optional implementation, the dialect conversion network includes a plurality of
dialect conversion models, and each dialect conversion model is targeted at a different dialect to

be converted.

The input module 1320 is further configured to receive a selection operation inputted by

the user.
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The processing module 1310 is further configured to: input the feature information of the
first voice into a dialect conversion model corresponding to the selection operation, and output the

second voice by means of the dialect conversion model corresponding to the selection operation.

In an optional implementation, the processing module 1310 is further configured to: input
the first voice into the style separation model, and separate a style feature of the first voice by

means of the style separation model.

The processing module 1310 is further configured to: input the style feature of the first
voice and the feature information of the first voice into the dialect conversion network, and output
the second voice by means of the dialect conversion network, the second voice and the first voice

having the same style.

In an optional implementation, the first voice is a far-field voice. When the target
conversion mode is a voice enhancement mode and the target voice conversion network is a voice

enhancement model,

the processing module 1310 is further configured to: input the feature information of the
first voice into the voice enhancement model corresponding to the mode, and output the second

voice by means of the voice enhancement model, the second voice being a near-field voice.

In an optional implementation, the processing module 1310 is further configured to: input
the first voice into the style separation model, and separate a style feature of the first voice by

means of the style separation model.

The processing module 1310 is further configured to: input the style feature of the first
voice and the feature information of the first voice into the voice enhancement model, and output
the second voice by means of the voice enhancement model, the second voice and the first voice

having the same style.

In an optional implementation, the acquisition module 1330 is further configured to receive

the first voice inputted by the first speaker, or select the first voice from a locally stored file.

In a possible design, the processing module 1310 may be a processing apparatus, and some

or all functions of the processing apparatus may be implemented by software.

Alternatively, the functions of the processing apparatus may be implemented partially or

entirely by software. In this case, the processing apparatus may include a memory and a processor,
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the memory is configured to store a computer program, and the processor reads and executes the
computer program stored in the memory, to perform corresponding processing and/or steps in any

one of the method embodiments.

Alternatively, the processing apparatus may include only a processor. The memory for
storing the computer program is located outside the processing apparatus, and the processor is
connected to the memory via a circuit/wire to read and execute the computer program stored in the

memory.

Optionally, the processing apparatus may be one or more chips, or one or more integrated

circuits.

Exemplarily, an embodiment of the present application provides a chip structure. Referring

to FIG. 14, the chip includes:

The chip may be represented as a neural-network processing unit (NPU) 140. The NPU is
mounted to a host CPU as a coprocessor, and the host CPU allocates a task. A core part of the NPU
is an operation circuit 1403, and a controller 1404 controls the operation circuit 1403 to extract

matrix data in the memory and perform a multiplication operation.

In some implementations, the operation circuit 1403 internally includes a plurality of
process engines (PE). In some implementations, the operation circuit 1403 is a two-dimensional
systolic array. The operation circuit 1403 may also be a one-dimensional systolic array or other
electronic circuits capable of performing mathematical operations such as multiplication and

addition. In some implementations, the operation circuit 1403 is a general matrix processor.

For example, it is assumed that there are an input matrix A, a weight matrix B, and an
output matrix C. The operation circuit obtains data corresponding to the matrix B from a weight
memory 1402, and buffers the data on each PE in the operation circuit. The operation circuit
obtains data of the matrix A from an input memory 1401 to perform a matrix operation with the

matrix B, and stores an obtained partial result or final result of the matrix in an accumulator 1408.

A unified memory 1406 is configured to store input data and output data. Weight data is
directly transferred to the weight memory 1402 through a direct memory access controller

(DMAC) 1405. The input data is also transferred to the unified memory 1406 through the DMAC.
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A BIU is a bus interface unit, i.e., a bus interface unit 1410, and is configured to interact

between an AXI bus and the DMAC and an instruction fetch buffer 1409.

The bus interface unit (BIU for short) 1410 is used by the instruction fetch buffer 1409 to
acquire an instruction from an external memory, and is further used by the direct memory access
controller 1405 to acquire original data of the input matrix A or the weight matrix B from the

external memory.

The DMAC is mainly configured to transfer the input data in the external memory DDR to
the unified memory 1406, or transfer the weight data to the weight memory 1402, or transfer the

input data to the input memory 1401.

A vector computation unit 1407 includes a plurality of operation processing units, and if
necessary, performs further processing of the output of the operation circuit, such as vector
multiplication, vector addition, exponential operation, logarithmic operation, size comparison, etc.
The vector computation unit is mainly used for non-convolution/FC layer network calculation in

a neural network, such as pooling, batch normalization, local response normalization, etc.

In some implementations, the vector computation unit 1407 can store the vector of
processed outputs to the unified memory 1406. For example, the vector computation unit 1407
may apply a non-linear function to the output of the operation circuit 1403, such as a vector of
accumulated values, to generate an activation value. In some implementations, the vector
computation unit 1407 generates a normalized value, a merged value, or both. In some
implementations, the vector of processed outputs can be used as an activation input to the operation

circuit 1403, for example, for use in a subsequent layer in the neural network.

The instruction fetch buffer 1409 connected to the controller 1404 is configured to store an

instruction used by the controller 1404.

The unified memory 1406, the input memory 1401, the weight memory 1402, and the
instruction fetch buffer 1409 are all on-chip memories. The external memory is private to the

hardware architecture of this NPU.

In the present application, the operations of the layers in each module of the voice feature
extraction model, the style separation model, the multi-head attention structure, the sub-feature

extraction models, the encoder, the decoder and the attention structure in the Seq2seq neural
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network, the dialect conversion models, and the voice enhancement model may be performed by

the operation circuit 1403 or the vector computation unit 1407.

The operation circuit 1403 or the vector computation unit 1407 calculates a parameter value
(for example, a first parameter value), and the main CPU is configured to read a computer program
stored in the at least one memory, so that the terminal performs the method performed by the

terminal in the foregoing method embodiments.

Referring to FIG. 15, an embodiment of the present invention further provides another
voice conversion apparatus. As shown in FIG. 15, only parts related to the embodiment of the
present application are shown, and for specific technical details that are not disclosed, reference
may be made to the method part of the embodiments of the present application. The voice
conversion apparatus may be a terminal, and the terminal may be a mobile phone, a tablet
computer, a notebook computer, a smart watch, or the like. An example in which the terminal is a

mobile phone is used.

FIG. 15 is a block diagram of a partial structure of a mobile phone related to a terminal
provided by an embodiment of the present invention. Referring to FIG. 15, the mobile phone
includes components such as a radio frequency (RF) circuit 1510, a memory 1520, an input unit
1530, a display unit 1540, an audio circuit 1560, a processor 1580, and a power supply 1590. It
can be understood by those skilled in the art that the structure of the mobile phone shown in FIG.
15 does not constitute a limitation on the mobile phone, and the mobile phone may include more
or fewer components than those shown in the figure, or some components may be combined, or a

different component arrangement may be used.

Each component of the mobile phone will be described in detail below with reference to

FIG. 15.

The RF circuit 1510 may be configured to receive and send a signal in an information
receiving and sending process or a call process, and particularly, receive downlink information of

a base station and send the downlink information to the processor 1580 for processing.

The memory 1520 may be configured to store a software program and a module, and the
processor 1580 runs the software program and module stored in the memory 1520, to implement

various functional applications and data processing of the mobile phone. The memory 1520 may
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mainly include a storage program area and a storage data area, and the storage program area may
store an operating system, an application required by at least one function (such as a sound playing
function), etc. In addition, the memory 1520 may include a high-speed random access memory,
and may also include a non-volatile memory, such as at least one magnetic disk storage device, a

flash memory device, or other volatile solid-state storage devices.

The input unit 1530 may be configured to receive input digit or character information, and
generate key signal input related to user setting and function control of the mobile phone.
Specifically, the input unit 1530 may include a touch panel 1531 and other input devices 1532.
The touch panel 1531 is also referred to as a touchscreen and may collect a touch operation by a
user on or near the touch panel (such as an operation performed by the user on the touch panel
1531 or near the touch panel 1531 by using any proper object or accessory, such as a finger or a
stylus), and drive a corresponding connection apparatus according to a preset program. Optionally,
the touch panel 1531 may include two parts: a touch detection apparatus and a touch controller.
The touch detection apparatus detects a touch orientation of a user, detects a signal brought about
by the touch operation, and sends the signal to the touch controller. The touch controller receives
touch information from the touch detection apparatus, converts the touch information into contact
coordinates, and sends the contact coordinates to the processor 1580, and can receive and execute
a command sent by the processor 1580. The input unit 1530 may further include other input devices
1532 in addition to the touch panel 1531. Specifically, other input devices 1532 may include, but
are not limited to, one or more of a physical keyboard, function keys (such as volume control keys,

switch keys, etc.), a trackball, a mouse, a joystick, etc.

In the present application, the input unit 1530 is configured to receive various operations
inputted by a user, for example, a mode selection operation. A function of the input module 1320
in FIG. 13 may be performed by the input unit 1530, or a function of the acquisition module 1330
in FIG. 13 may be performed by the input unit 1530.

The display unit 1540 may be configured to display information inputted by the user or
information provided for the user, and various menus of the mobile phone. The display unit 1540
may include a display panel 1541, and optionally, the display panel 1541 may be configured in a
form of a liquid crystal display (LCD), an organic light-emitting diode (OLED), etc. Further, the
touch panel 1531 may cover the display panel 1541, and when the touch panel 1531 detects a touch
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operation on or near the touch panel, the touch operation is transmitted to the processor 1580 to
determine a type of a touch event, and then the processor 1580 provides a corresponding visual
output on the display panel 1541 according to the type of the touch event. Although in FIG. 15,
the touch panel 1531 and the display panel 1541 are used as two separate components to implement
input and output functions of the mobile phone, in some embodiments, the touch panel 1531 and
the display panel 1541 may be integrated to implement the input and output functions of the mobile

phone.

In the present application, the display unit 1540 is configured to display the app interfaces
shown in FIGS. 6A, 6B, 11A, and 11B corresponding to the method embodiments.

The audio circuit 1560, a loudspeaker 1561, and a microphone 1562 may provide an audio
interface between the user and the mobile phone. The audio circuit 1560 may transmit an electrical
signal converted from received audio data to the loudspeaker 1561, and the loudspeaker 1561 may
convert the electrical signal into a sound signal for output; on the other hand, the microphone 1562
may convert a collected sound signal into an electrical signal, and the audio circuit 1560 may
receive the electrical signal, convert the electrical signal into audio data, and then output the audio

data to the processor 1580 for processing.

In the present application, the audio circuit 1560 receives a first voice of a first speaker or
a third voice of a second speaker by means of the microphone 1562. The loudspeaker 1561 is
configured to output a processed second voice. For example, the second voice is a voice that has
undergone style conversion, or the second voice is a voice that has undergone dialect conversion,
or the second voice is a voice that has undergone voice enhancement. The loudspeaker 1561 is

configured to output the second voice.

In a possible design, a function of the output module 1340 in FIG. 13 may be performed
by the loudspeaker 1561.

The processor 1580 is a control center of the mobile phone, connects various parts of the
entire mobile phone by using various interfaces and lines, and performs various functions of the
mobile phone and data processing by running or executing a software program and/or a module
stored in the memory 1520 and invoking data stored in the memory 1520, to perform overall
monitoring on the mobile phone. Optionally, the processor 1580 may include one or more

processing units.
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The mobile phone further includes a power supply 1590 (such as a battery) for supplying
power to each component. Preferably, the power supply may be logically connected to the
processor 1580 via a power management system, so as to implement functions such as charging,

discharging, and power consumption management through the power management system.

Although not shown in the figure, the mobile phone may further include a camera, a

Bluetooth module, etc. Details are not described herein.

In the present application, when the process instruction stored in the memory is executed
by the processor, the method performed by the terminal in the foregoing method embodiments is
implemented. For details, refer to the descriptions in the foregoing method embodiments. Details

are not described herein again.

The embodiments of the present application further provide a computer-readable storage
medium, where the computer-readable storage medium stores a program, and when run on a
computer, the program causes the computer to perform the steps performed by the terminal device

in the method described in the foregoing method embodiments.

The embodiments of the present application further provide a computer program product,
and when run on a computer, the computer program product causes the computer to perform the

steps performed by the terminal in the method described in the foregoing method embodiments.

The embodiments of the present application further provide a circuit system, the circuit
system includes a processing circuit, and the processing circuit is configured to perform the steps

performed by the terminal device in the method described in the foregoing method embodiments.

In another possible design, when the apparatus is a chip in a terminal, the chip includes a
processing unit and a communications unit, the processing unit may be, for example, a processor,
and the communications unit may be, for example, an input/output interface, a pin, a circuit, etc.
The processing unit may execute a computer-executable instruction stored in a storage unit, so that
the chip in the terminal performs any one of the wireless communication methods according to the
first aspect described above. Optionally, the storage unit is a storage unit in the chip, for example,
a register or a cache, or the storage unit may be a storage unit in the terminal but outside the chip,
for example, a read-only memory (ROM), another type of static storage device that can store static

information and an instruction, a random access memory (RAM), etc.
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The processor mentioned anywhere above may be a general-purpose central processing
unit (CPU), a microprocessor, an application-specific integrated circuit (ASIC), or one or more
integrated circuits configured to control program execution of the wireless communication method

according to the first aspect described above.

Those skilled in the art can clearly understand that, for the convenience and conciseness of
description, reference may be made to the corresponding processes in the foregoing method
embodiments for specific working processes of the system, apparatus and unit described above,

and details are not described herein again.

In several embodiments provided by the present application, it should be understood that
the disclosed system, apparatus, and method may be implemented in other manners. For example,
the apparatus embodiments described above are merely illustrative, for example, the division of
the units is merely a logical function division, and there may be other division manners in actual
implementation. For example, multiple units or components may be combined or integrated into
another system, or some features may be ignored or not performed. In addition, the displayed or
discussed mutual coupling or direct coupling or communication connection may be indirect
coupling or communication connection through some interfaces, devices or units, and may be in

electrical, mechanical or other forms.

The units described as separate parts may or may not be physically separate, and parts
displayed as units may or may not be physical units, may be located in one position, or may be
distributed on a plurality of network units. Some or all of the units may be selected according to

actual needs to achieve the objectives of the solutions of the embodiments.

In addition, functional units in the embodiments of the present application may be
integrated into one processing unit, or each of the units may exist alone physically, or two or more
units are integrated into one unit. The integrated unit may be implemented in the form of hardware,

or may be implemented in the form of a software functional unit.

When the integrated unit is implemented in the form of a software functional unit and sold
or used as an independent product, the integrated unit may be stored in a computer-readable storage
medium. On the basis of such an understanding, the technical solutions of the present application
essentially, or the part of the technical solutions that contributes to the related art, or all or part of

the technical solutions, may be embodied in the form of a software product, and the computer
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software product is stored in a storage medium and includes several instructions for causing a
computer device (which may be a personal computer, a server, a network device, or the like) to
perform all or part of the steps of the methods described in the various embodiments of the present
application. The foregoing storage medium includes various media capable of storing program
codes, such as a U disk, a mobile hard disk, a read-only memory (ROM), a random access memory

(RAM), a magnetic disk, or an optical disk.

The foregoing embodiments are merely intended for describing the technical solutions of
the present application other than limiting the present application. Although the present application
has been described in detail with reference to the foregoing embodiments, those of ordinary skill
in the art should understand that they may still make modifications to the technical solutions
described in the foregoing embodiments or make equivalent replacements to some technical
features thereof, and these modifications or replacements do not make the essence of the
corresponding technical solutions depart from the spirit and scope of the technical solutions of the

embodiments of the present application.
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CLAIMS

1. A voice conversion method, characterized by comprising:

receiving a mode selection operation inputted by a user, the mode selection operation being

used for selecting a voice conversion mode;

selecting a target conversion mode from a plurality of modes according to the mode
selection operation, the plurality of modes comprising a style conversion mode, a dialect

conversion mode, and a voice enhancement mode;
acquiring a first voice to be converted;
extracting feature information of the first voice;

inputting the feature information of the first voice into a target voice conversion network
corresponding to the target conversion mode, and outputting a converted second voice by means

of the target voice conversion network; and

outputting the second voice.

2. The method according to claim 1, wherein the extracting feature information of the first

voice comprises:

inputting the first information into a voice feature extraction model, and extracting a
phoneme posterior probability (PPG) feature of the first voice by means of the voice feature

extraction model, the PPG feature being used for retaining content information of the first voice.

3. The method according to claim 1 or 2, wherein when the target conversion mode is the
style conversion mode, and the target voice conversion network is a style conversion network, the
style conversion network comprises a style separation model and a voice fusion model, and the

method further comprises:

acquiring a third voice for extracting a style feature; and

inputting the third voice into the style separation model, and separating a style feature of

the third voice by means of the style separation model; and
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the inputting the feature information of the first voice into a target voice conversion
network corresponding to the target conversion mode, and outputting a converted second voice by

means of the target voice conversion network comprises:

inputting the style feature and the feature information of the first voice into the voice fusion

model for fusion to obtain the second voice.

4. The method according to claim 3, wherein the style feature comprises a first feature, and

the first feature comprises a plurality of sub-features; and

the inputting the third voice into the style separation model, and separating a style feature

of the third voice by means of the style separation model comprises:

inputting the third voice into the style separation model, and extracting a vector of the first

feature of the third voice by means of the style separation model;

inputting the third voice into a sub-feature extraction model, and extracting vectors of the

sub-features by means of the sub-feature extraction model;

receiving a weight of each sub-feature among the plurality of sub-features inputted by the

user; and

determining the style feature of the third voice based on the vector of the first feature, the

vector of each sub-feature, and the weight of each sub-feature.

5. The method according to claim 4, wherein the determining the style feature of the third
voice based on the vector of the first feature, the vector of each sub-feature, and the weight of each

sub-feature comprises:

inputting the vector of the first feature into a multi-head attention structure, inputting a
product of the vector of each sub-feature and the weight corresponding to the sub-feature into the
multi-head attention structure, and outputting the style feature of the third voice by means of the

multi-head attention structure.
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6. The method according to claim 3, wherein the acquiring a third voice for extracting a style

feature comprises:

receiving a template selection operation inputted by the user, the template selection

operation being used for selecting a target template; and

acquiring a voice corresponding to the target template, and using the voice corresponding

to the target template as the third voice.

7. The method according to claim 3, wherein the acquiring a third voice for extracting a style

feature comprises:

receiving the third voice inputted by a second speaker, the first voice being a voice of a

first speaker, and the second speaker being any person different from the first speaker.

8. The method according to claim 1 or 2, wherein when the target conversion mode is the
dialect conversion mode and the target voice conversion network is a dialect conversion network,
the inputting the feature information of the first voice into a target voice conversion network
corresponding to the target conversion mode, and outputting a converted second voice by means

of the target voice conversion network comprises:

inputting the feature information of the first voice into the dialect conversion network, and
outputting the second voice by means of the dialect conversion network, the first voice being a

voice in a first dialect, and the second voice being a voice in a second dialect.

9. The method according to claim 8, wherein the dialect conversion network comprises a
plurality of dialect conversion models, each dialect conversion model is targeted at a different

dialect to be converted, and the method further comprises:

receiving a selection operation inputted by the user; and

inputting the feature information of the first voice into a dialect conversion model
corresponding to the selection operation, and outputting the second voice by means of the dialect

conversion model corresponding to the selection operation.
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10. The method according to claim 8, wherein the method further comprises:

inputting the first voice into a style separation model, and separating a style feature of the

first voice by means of the style separation model; and

the inputting the feature information of the first voice into the dialect conversion network,

and outputting the second voice by means of the dialect conversion network comprises:

inputting the style feature of the first voice and the feature information of the first voice
into the dialect conversion network, and outputting the second voice by means of the dialect

conversion network, the second voice and the first voice having the same style.

11. The method according to claim 1 or 2, wherein the first voice is a far-field voice, and when
the target conversion mode is the voice enhancement mode and the target voice conversion
network is a voice enhancement model, the inputting the feature information of the first voice into
a target voice conversion network corresponding to the target conversion mode, and outputting a

converted second voice by means of the target voice conversion network comprises:

inputting the feature information of the first voice into the voice enhancement model
corresponding to the mode, and outputting the second voice by means of the voice enhancement

model, the second voice being a near-field voice.

12. The method according to claim 11, wherein the method further comprises:

inputting the first voice into a style separation model, and separating a style feature of the

first voice by means of the style separation model; and

the inputting the feature information of the first voice into the voice enhancement model
corresponding to the mode, and outputting the second voice by means of the voice enhancement

model comprises:

inputting the style feature of the first voice and the feature information of the first voice
into the voice enhancement model, and outputting the second voice by means of the voice

enhancement model, the second voice and the first voice having the same style.
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13. The method according to any one of claims 1 to 12, wherein the acquiring a first voice to

be converted comprises:
receiving the first voice inputted by the first speaker;

or,

selecting the first voice from a locally stored file.

14. A voice conversion apparatus, characterized by comprising:

an input module, configured to receive a mode selection operation inputted by a user, the

mode selection operation being used for selecting a voice conversion mode;

a processing module, configured to select a target conversion mode from a plurality of
modes according to the mode selection operation received by the input module, the plurality of
modes comprising a style conversion mode, a dialect conversion mode, and a voice enhancement

mode;
an acquisition module, configured to acquire a first voice to be converted;

the processing module further being configured to: extract feature information of the first
voice acquired by the acquisition module; input the feature information of the first voice into a
target voice conversion network corresponding to the target conversion mode, and outputting a

converted second voice by means of the target voice conversion network; and

an output module, configured to output the second voice.

15. The apparatus according to claim 14, wherein

the processing module is further configured to input the first information into a voice
feature extraction model, and extract a phoneme posterior probability (PPG) feature of the first
voice by means of the voice feature extraction model, the PPG feature being used for retaining

content information of the first voice.
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16. The apparatus according to claim 14 or 15, wherein when the target conversion mode is
the style conversion mode and the target voice conversion network is a style conversion network,

the style conversion network comprises a style separation model and a voice fusion model;

the acquisition module is configured to acquire a third voice for extracting a style feature;

the processing module is further configured to input the third voice into the style separation

model, and separate a style feature of the third voice by means of the style separation model; and

the processing module is further configured to input the style feature and the feature

information of the first voice into the voice fusion model for fusion to obtain the second voice.

17. The apparatus according to claim 16, wherein the style feature comprises a first feature,

and the first feature comprises a plurality of sub-features;

the processing module is further configured to: input the third voice into the style
separation model, and extract a vector of the first feature of the third voice by means of the style
separation model; and input the third voice into a sub-feature extraction model, and extract vectors

of the sub-features by means of the sub-feature extraction model,

the input module is further configured to receive a weight of each sub-feature among the

plurality of sub-features inputted by the user; and

the processing module is further configured to determine the style feature of the third voice
based on the vector of the first feature, the vector of each sub-feature received by the input module,

and the weight of each sub-feature.

18. The apparatus according to claim 16, wherein

the acquisition module is further configured to: receive a template selection operation
inputted by the user, the template selection operation being used for selecting a target template;
and acquire a voice corresponding to the target template, and use the voice corresponding to the

target template as the third voice.
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19. The apparatus according to claim 14 or 15. wherein the target conversion mode is the
dialect conversion mode and the target voice conversion network is a dialect conversion network;

and

the processing module is further configured to input the feature information of the first
voice into the dialect conversion network, and output the second voice by means of the dialect
conversion network, the first voice being a voice in a first dialect, and the second voice being a

voice in a second dialect.

20.  The apparatus according to claim 19, wherein the processing module is further configured
to input the first voice into a style separation model, and separate a style feature of the first voice

by means of the style separation model; and

the processing module is further configured to input the style feature of the first voice and
the feature information of the first voice into the dialect conversion network, and output the second
voice by means of the dialect conversion network, the second voice and the first voice having the

same style.

21. The apparatus according to claim 14 or 15, wherein the first voice is a far-field voice, and
when the target conversion mode is the voice enhancement mode and the target voice conversion

network is a voice enhancement model,

the processing module is further configured to input the feature information of the first
voice into the voice enhancement model corresponding to the mode, and output the second voice

by means of the voice enhancement model, the second voice being a near-field voice.

22. A terminal device, characterized by comprising a processor, wherein the processor is
coupled to a memory, the memory stores program instructions, and when the program instructions
stored in the memory are executed by the processor, the method according to any one of claims 1

to 13 is implemented.
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23. A computer-readable storage medium, characterized by comprising a program, wherein
when run on a computer, the program causes the computer to perform the method according to any

one of claims 1 to 13.

46
IPR2026-00274
Krisp Technologies EX1015 Page 48



ABSTRACT

Provided are a voice conversion method and a related device to implement diversified
human voice beautification. The method in embodiments of the present application includes:
receiving a mode selection operation inputted by a user, the mode selection operation being used
for selecting a voice conversion mode. A plurality of provided selectable modes include: a style
conversion mode for performing speaking style conversion on a first voice to be converted; a
dialect conversion mode for implementing accent addition or accent removal on the first voice;
and a voice enhancement mode for implementing voice enhancement on the first voice. The three
modes have corresponding voice conversion networks. According to a target conversion mode
selected by the user, a target voice conversion network corresponding to the target conversion
mode is selected to perform conversion on the first voice, and a converted second voice is
outputted, thereby implementing diversified human voice beautification and meeting the

requirements of the user in different application scenarios.
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A terminal receives a mode selection operation inputted by a user, the
mode selection operation being used for selecting a voice conversion
mode

'

The terminal selects a target conversion mode from a plurality of modes
according to the mode selection operation, the plurality of modes including
a voice style conversion mode, a dialect conversion mode, and a voice
enhancement mode

'

The terminal acquires a first voice to be converted

'

The terminal extracts feature information of the first voice

'

The terminal inputs the feature information of the first voice into a target voice
conversion network corresponding to the target conversion mode, and outputs a
converted second voice by means of the target voice conversion network

'

Output the second voice

FIG. 1
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A terminal acquires a first voice to be converted and a third voice
for extracting a style feature

'

The terminal inputs the first voice into a voice feature extraction
model, and extracts a PPG feature by means of the voice feature
extraction model

'

and separates the style feature of the third voice by means of the
style separation model

'

The terminal inputs the style feature and the PPG feature into a
voice fusion model for fusion to obtain a second voice

'

The terminal inputs the third voice into a style separation model, f 403

The terminal outputs the second voice

FIG. 4
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To whom it may concern:
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I, Zoe Brunell, Translator in this company, attest to the following:

[ am a professional translator and I am knowledgeable of and well acquainted with
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language.
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2 SKIER IR 2 T 2 A S A R By L0, Mo 45 22 Skt s b ot 0 45

=W E N E .

FE— R SEBT S, SRIBUH TS BOARSRFAL IR 27 — 38 n) UL

Lo RSO P RN BB PR ERAT, BISCRFE R AT ] T 18 H b, B, % H s
AR AT LA S04 BRI AR, B, TR A Sk R IR AR S, 2RI
FBRAEARORT 2 T8 > R H RSOt B AR S AR S =05, R 28 =18 & B AR R &
BT, AT AT EASEBLE 3 R HI 2 RE AL

FE— R iz A, AR TR IR RAL IR 25 =15 & ] LA RS Rimid
A DR iR NS =i, 5B RSN R ARIE S, B AN SR
— IS AAFRAER N, i Al BLSZEAE & WS 1 2 4L

FE—R RS A, 2 H b SO S, FARIE & e 4 o 7
R R IN, REE R AR AE BN B AR O L F ARG S R 2%, I8

IPR2026-00274
Krisp Technologies EX1015 Page 68



10

15

20

25

30

35

WO 2022/057759 PCT/CN2021/117945

5
i FARIE & B 2 A U A58 AR5, e AT DURAR RSSOl 2 1 S R LS
EEIABT F M, s S M A S i, SRR NS T SR,
BARE N T SRS, ASEELT F e, A R P AR, S
EE A Z AL

FE— Rl B s b, J7 BB U 2 AT SRR, BT S R
G AN R G 407 5, i B, Zeun n] DRSO PN RGBT IR BAS 28
I RIS AN B PR AR R N 5 5 R R, R G PR AT RIS 5 e kst
MU EE AR ARSI, S Al EAORYE FH P N IR BAR SRR e B T 5 B st
i

FE— Ml sl aUrh, i R A B S NS U A B, i
DK 3 BRI O BB R & B AR RFAE s SRR 28 0mel 25— V85 (0 DA ARF AL AN 2 — 3 o 1Y)
R REPSY AN =g ke P B = R T E SRR T = P P T = L) Fan 7E = 1]
S AHTA o

A, 2 RS AR SRAEE CGE RS ME, HARE SRS GF
TEED U

FE—F IR RS a0, B — B S s &, 4 H bR B O 3 s A
H AR e 0 PR 48 iy i S B RN, g 58— o B AR 2 A N 2 A e At 0t R 1
FUbRiE & Fe e pi 4, i b o B J0 R 5 i 4 8 0 1) 55— ) DR R o —
B IR AR 250 A SR 2 DL IR 5 B s Y, J e i o i s R 2 R, SR
WE NG ARblt, RRmpif & ki it , SeBhE &g, DS InE & i
IR, M SR, SR R 2 AL

FE— Ml sl aUrh, i R A B S NS U A B, i
JAKE 3 B 3 B 5 1R & BRI SRR RS 5 I XU R MR AT 25— 38 BRIk
ES AN e s pi Dl I BURTE R oty ARG v Py = P T = | P TR IR i
A AR, Bz miEsSmAEE GBS MAE, HEE TMAEE CGB
TEED U

FE— R RSy A, AR B (0 55— 5 al LRSSl — i AN
s BE, WA RSO i

§ I, AHIESEGISEAE MRS R, 2 E AT B i 2%
I PITRAT R D E, % ZhRe nl DUEREAECF e B, 8l DO A8 AR DR AT AR S AR A S5 A8
(G REIR 7 E DK i =1 2 NS w2 WP 8 PO PVA O 2 R2A

=TT, ARTESEE IR T —Fr i, RIS, KBRS AR D — AN R
B, AL TR D NS AR T ARy, (A3 & m I AT BIR S — Ty
i I7 %,

VU, AR SEGIPEAE R SRS B, b T SR AL A A A S
EERrERn s LI Py 2 i 1 W Y e =g I e PR S 79 i L1 74 b Y
T (17592 -

M+
—7

B
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4
BRITHE, ARG T RS RS, RO REGUAEL S, T & A
S B IR TT I TS R D Re . AE M BRI, TR RGE USSR, g
fPfitias, I RA7 B i g 0 ZEINRE P 48 2 AU . 120 &40, Al OGS A i, ]
PGS A A 23 37 A
B P v B
B 1 D9 AR i Sz 5
K 2 AR i Sz 5

—

H U B B 51 A S A PR P BRI T
HE PR A7 5o B
Bl 3 A F A S5 v 4 B 5% 1 2 45 I 28 T RO B % &R IR s o
Pl 4 Sy A B STt v — i o e 4 T VR g — A S A 1) 8 SRR 1AL
Bl 5 Sy A G STt v o 5 3R AT RS S e ik R ) — AN o ] ) o =
Bl 6 A Dy A H i St 5] o RS e 4 S S T — M SR 2 B
Kl 6B Sy A% B i STt v AR B A5 X AL T ) ) — DN o SR
Pl 7 Sy A G ST A1 b U 2 48 ) 22 1 5 0 B s i I
Pl 8 Sy A G STt 91 v — il o e 4 T VR g — A S A9 1) 8 SRR 1AL
Kl O Sy A i St g v o 5 04T 07 e R B — A R R S
Bl 10 DA FRE S ] oh i & HEAT 7 5 e R 5 — D R B R B
Bl 11A A FRE St 9 07 5 3 i X BB i G ) R i i — Mg R S
l 11B A G St ] v 07 5 B it =X A8 & 1 s i =0 S i 0 55 — Mg sos s
Pl 12 DA FR A S ] i 07 5 e R AL I 01 BRI ) s = s
Bl 13 AR FRARE St 91 o — Ao e 2 e o 2 L ) — A St 9] ) 5 v s o
Pl 14 oA HAg szt ds] op— s 3 10— SR S 2 s = K

Bl 15 AR FRARE St 91 o — e 2 e 2 L UR) ) — A St A7) 1 25 4 s e L
B A S 7 74

I R &5 G AR FRE S R BT, o A H A SRt o R R O AT R R . AR
H IR ARG <RI/, BT DL — R R e B RSB R, RN LA =MCR, #
un, AMVERB, FILASRIR: HMAEAEA, [RINAEZEANIB, HMAEAEBX =MENL. 5ok, &
HIE R =55, — IERR AT G RPN Goe —Mresl” (O R A HHF I 30 5 FIBCH) 223K 45
S IR AR TE S — < AR T XM AR 5, AN F T80 € R DIt
JPEe e IRIT o BOZFEMRIZAEA A B ARTEZE 1 A 00 T AT DA A, DS 5L 0 1 S 451
By LARR 1 AEIX B P 7R iR IR 1 P9 25 AR BRI St o B AN, ARTE R A« BA LA S AR
IR AR TG, RIEIFE TR A MBS, fln, W 7 — RPP RSB R, 7
s RS 7B AR TE R4 I D SR e, TR AT BRI TE R LA
BN TR BeE R . v 7 e EALA [AT B HE 2E BR e

AHE SRR AL T — R R S e s, SN T &, 1% &l LU FEL, P
WA, EilA RN, BReTRERAIE TR Ge & um, %4 I B 10 AT DURR 9 2
W%, H % (user equipment, UE) 5%, &0t 24 1] ALLTFAUNGIE T U o 1% 480
WA N BCE A EH AL 2, T 5 AL B 20 0] 20 32 B0 A RS B H X 4%, 7 R Y

= = =
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5
ZRAME B A A o 1 AL PR 22 P 4 SEENE B e e (Setb) . AHIE R M /2 Rhn]
PAGERERRE, U B Al T80 1 AT DI AR e e, 7 S e s,
TN H e O A, M T e BE g R, R R AT R 15 & e
s, 2 AR H P e 10 F bR i 2, e b st 2XOns LK) b T 8 e #I 29%
X ARHR BB A B e 1) 2 — i AT Fe i, S B S R I 3 A, i SEBR A  SAL
ZREAL, P AR R R oK

R T SR BEARA AT, SN ARG i A E A T U

J7 53751 (sequence to sequence, seq2seq) FHZEMZ%: seq2seq)E T-4hf (encoder) -
fiftid (decoder) ZEMIF)—Fh, HAKIFH (sequence) JHITZwAY )2 46 ifs & K IE 1A &,
INJE W Z ) B\ B fEAY E R A3 25 7 41 (sequence) . seq2seq 48 I 25 45 4mtidh 2= AT fi
AR M g i . Horp, ZRA%)ZE (encoder) H-T-iE it — 32 MU Xt 5 N ) 7 51 HE4T 2R
A e m i RS2 (decoder) FH-T-H A2 iy 1 & 2 A e 17 471

HE T (attention) Z5f4: b= A 2 ME B KIEH M &, B B A8 A RHAE
IS 2, BUES fAS)JZ S A DG, H H 2 LEARAS 2 5 H S DS S A I AN [R) S B
g5 AR R B A

PHEE N 2% PRS2 (vocoder): AT b & —Fhphen 2,  FH T v o A 2 2 100 285 (1) B
HARFAE G 49 B SR B R & o

HASHREE: BAREARE T &6, FEERATRRE, XM EE, &6 U
WA R ERA . FEERHREARE T3E, HEfiEE.

BEg: o MREIMENE/DMEST AL, W hao (WP, A 3 AAER, wo (FR),
—fhEG 2 M EE.

HEFHMEE (phoneme posteriorgram, PPG) HHiE: SANMEEWE T —41 150 e X
EERT (FRBEER/MER) WERME, REEFRRE NEErnE s MG EE
E

ienho

7R (mel) HFk: E15 5 /7 NPOB RFFIE R s I B IRF AR AR e, A
RGP B IERE A B HOE &5 5 PR AT 1o I 515 5 R i 0 #r, Al Bl
PEHOE & R M REFEOIE &5 5 IR R, ol DURMWR IS & LRI

WZBIE 1 PR, AR T — R ORI —ASEIE0, Or T Yk
ST B, OPEMT T ORI, SR, T4
T LR AR A T IS F o ARSI, TR L LA, A
T BT U L WO A VAL U, i 5 AR 2 4 L LA
A2 7 2 R

SBUE 101, LU BT PN PR 1, B BRI T s BB I L
2.

WEBE 2 B, BEREFHRIET O GrRlE, 2B AR SR, Jr s
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66—
BT NS i ol Horh, R AT X N () e e X %, 3 o o) S ) o 5
S B AT et BN, RS L A T35 il 5 s . T SR T 75
B, anein i e ek A T s H T I E e R i .

APR 102, Lo ke Fe e A2 B P ke 18 H AR s 20, 2 MR
WG L, T B R AR SO B 1 p A

Ao R A B AT PLR R 2 A A3, R 75 okl i sl e R 2 AR
) EARE B, 1% H AR AR U A] DA FoR = s b (AR — s =

2 1 P H bR 4 O SR H BRil o  #  4% .

THZ P 3 P, RS i AsE Xt R UK e ) 2, 7 5 S A8 s B 35 B e ) ¢
T T AR O LT HG A T s R AR X 0 B R e I g TR RS B, A E H
PGB O SR H AR 1TE & S 4 2 o B an, A Pk 3 RS i iUy, HbRiE & 4 #
W28 g RS TG e 2 o > P e 5 B SNy, HAR B B B 4 I 4 D 07 5 B 4% . 4
F P e it MG s BNy, H AR 15 & B e X 4 Dl & B s Y

AIR 103, AumRHU R R — 5 &

H M T A, AR — U AR R

2 vy 2% 1 2 v AR — DATE NS — 5 & . K S H P GZH 7]
LS — itk AN El— A, WA BUAASFEILAD AR — 8RR, 258 e xbhiE &1
Bt B, 25 —ARAER DO SRR . P TR BRI i e, FAL
BN ENZ S — ARG, JFERHHE P BANES, ZE S E P A B (B
g e (RIZE—iEH

SRS R, Aum WAL SO R R B

2ty 5L & i UM HIAZ i SCAF PSR B — 1B . i & 2O PN IO 38 18 4E,
25 AR R BRSO R E . B, H P FE TR bRt kB S, FAL
A DURRHEZ S 3 B R BB H HIER, RIS, Aom i AU P N IR 20 =14,
R =R TR A RRE S, Rk AEiZ BB S e N —1E S

IR 104, Zomfe BUHE 1B & NEHEE S

ZRFIEAS B ] DUNAE IR B85 2280 (mel frequency cepstrum coefficient, MFCC) 1 .
o, ZHRHIE S BNE R G AME PPG SHIE . AHIF S, 1Z50 5 S RIEE B U
PPG FHiE B T UL . PPG FRAEREIA B2 18 B WA B R RSB =R AR/,
AT ST TS, 1% PPG FHIEH TR —E S N AEG B

IR 105, Aol 2 1B RHEAS B 5N B B PR S X0 B 1 B AR E & 3 4 25
T H bR e i X g A S BB B

H M, E AR T L R 2 RS R 2 o R PE I, 2 am R TR BURMS
FRERSE =1h &, X5, P =B SN B RS 7 BB, Ji ek U o3 BT 7y B 2 —
WS RS RAIE s 5 a, RS AR A 2 — 18 & 1K PPG RHIERI ARG SR a B TR G
RN B

AR, RS I RIS B RT S e gt I T R R s
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g
THEE, BoEENE - AEEE, B OEENE O SNIES.

R, K S —1EE 10 PPG RFE SN BB B I & B A, 1 R
B S B, B B S NIERIEE.

MFABEEMOFEZ MR, 2RISR, 5 H A 2URE & 3 o
B, A DARREE P I B 0 3 — 1B S AT 254k Blan, X R —iE s I A AT 364k,
X EFE—EEIATT S, BONE B S TR S RS, SIS R 2 R

IR 106, Ll 3 i

2 oy I A7 7 A e S R R

A ST b, PR T 2] DUERRIOR, WS, TSR —iE
FTURTE RS B s 07 58 Hnpia, FFS2Blin s el O s o a, A+ Selis
BnE; R A X B E S A 2, R TR SR, RN R T B 6 X 45
A DAR S —iB B AT 4, MM SEIA S SR 2 R4, 2 P AR =K.

WS 4 Pror, ARFIRGIESE 7 —RiaEE F B iy — e, A St
X RS A AT UL, RIS 55— 3 5 AT WU e Bt AT 2R I PR B ] o A A e
I, b i G X 265 9 DA B X 45

AR 401, Zum R 0 55— & SO TR IUARS AR A 25 =75 & .

AL PR 2 AR, — B M AE S B 1 X RISt f] o o 2b 3% 103 /A, B
AEABER

2RI =5 Ky 2

RSB A, S m IO R N OB PR, A R R AR PR R %
FUbRBEARO REITE &, SRR R 1% H AR BN B RE S AN =15 & . B, H ARt 4%
EHARRE & 67, <L a 7, SR a7,

AR, 1% H ARSI AT LU — AN 00 P, S B R ARG PR R A
28 Vo 26 MRS 5 BN R PR A L B B H bRif & . B, <53k & 730 KT
B SR B RR & A <P BOAIR B CRF . gk RS T I TR R
e a R D7y <HRE B CA . TR SR I T AR R BT B DY B FAR
Bt @R E i A?, Rum i HE P N TR BRI i iy AN
RIRE SRS =5 . UK, A St H AR R T B 7= B, 3595 2541
YL, IR A IERRE

A7 3, S n] DURICE R NS =15 E . s BITER, i 4R
WSO HH P N IO AREAR G B 1, ARG AR I B I H ARG R B AR &, S ] LA
Rz BN BRSNS =10, flin, M SR ARSI, Kt
gl =i, 2SI AR S R AARBER A

AR, %5 AR ] DU TR A A R S 015 5 . B, R =aE S AT DU
HR T ERI AT CRIBAYIS S, B NE AR &), Al 1250 =15 &
AU TRSE A B R, fRAT B0 B 5 IR 5
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g

IR 402, Kl B S N BN S AR AE SR RO A, B I R P O SRR
—IEH M PPG FHIE, PPG F-AEH TR H —1B SN HE S

WEZRE S FR, &l B S A RIS SRHERE OB, JE IS S AR P OB 7
PEBUE — W H I PPG FfiE . anBIPER), WEEREAETR USRI DUAIR FE P2 2%, 1 E REAIE
RS Z 2GR PZE LSTM JZM— E&ERZ, 15 S RHEFRIUSE T 5 25—
W5 & 1 PPG R4k, PPG HERIIAR K218 ST o B & =P R S 2 MR N, AT
X E AT T, 1% PPG RHIER TRE S B E NG R 2B SRR USRI 7l 5%
R R ERE AT YA RN .

A, A PPG FHEAENE B ERINAFE R, REEHFET (F5) R
M UEEMESIESEGEE. H PPG FriEAHLL A )i & R H AR (automatic speech
recognition, ASR) FEAEIIME#HEME, ASR AR T3 BB B B sl oA, B0 1B A
PSR OMERE, ARSI dr, IS PPG RHIFME NE —E SN RS B, BB
AL IE BN, AR EBHRSCCANE, BMRSG K &SN,

IR 403 Aumple S =I5 E B KA o A, I KRS S S o B =R I
R o

WASFEE RS — R A, B FpiEBdE 2 D RE. B, 555 S aRHE, 2
MFRAE ORI, AR .

AR 3 B AR T3 B 2 =0 I R R AIE o 12 A% 23 B AT R A0 455 i 8 4 B Y, %
B BB T B 8 RS T BURAE , AITTAS 21 25— R e 1 1) & (B & Rl ) 5D

AT e, XU G 4 N 4558 R4 2 A FARRE SR U Y J 2 Sy i 45 . e o =0k
BN B FRAESE O, RS BB AR I RAE I B . i, 2 ASFREESR
AT 0 RE 8 A O R, T S SR DO R R R S SR O o i, B BB 2R ] T3
BB E P IORERRE, SRE#R N E. SRR A T PRECE SR PO E B R E,
BN EH R GBI A TP BCE =B B REE, 1SRG A .

Ho5E, AumH PRI R 2 A RAE R B FRHERRCE . — R, TR
e SRR B RO E S IR T4, P AT DU RS A T T SRR R A
B TR N AU o BRSNS ACE T LAR S H P B SR 5 R R A% . 4,
W B BN 10%38 7 i 248 H I 2 R H ARBEAR 1 i 10% 0 AHABLRE, B —AME R
0.1 IZHALL: T N BB FRAEFR IR A .

AR, BUORECE LN RYAL. B, TR AR, BRI A RHIE
IR R A A PSR E 1. B, —#, BIERMARE S 0.1, 1H#N 02, HEF
J90.1. AR, PEERGE Y 0.2, WEEN 02, EFN 0.1 Sk, ZanimiiET N
(R T AE & AR BA o A7 rh, AT 22 H P SR B g AR R A AL
P R BB RIRT, 5 {8 A

E TSI 2 R (1 510 == P e (1 < ) [T == S D e e (1 < O ER 1 i e
B RS AL .

vl FH P SN B 8RR N AU 5 & A AR ) S AH e . R A IR 2 Ja 45 A
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—g—
FRHER R (EamE RN L LE S S TR, 132 kiE g
eyt XU Tl B, 12 RS ) A A =B B I RS R AIE o 22 S 5500 5 ) A Y B A
A )~ 2 (PR IR R, RS Sk B i 4 2 [ R R — S AR (R, A S T v 4R 1)
IR, BEASKATE D TRRE S A 23k B IMLEIAE A T 2 A S5 /A R R = 2L
M1 2 Sk = ML H S R &5 B SR & . flan, 2k = LG
H L5 AT LA —AS 256 4ER RS IR A R & ORFSREED .

ARt o, dEk NS AR S, R A R R B XU 5 5 =
HIALRE, ZAHRE It P R AN IR e sg o FH P AT DAk 2 S N ZBCE, #57 A
TRFEEM NZALE, W i 2¢5m 15 & A 5 58 =B S AR BE A A AL g« #5 H
PUERREREA NG, WA 2350 HIE B AR A =0E S I RS (B, AU BA
BERE)D TAeME. AP AT DO AR AN RIRE,  RIS TR R B S AN,
Ve I RS BB T DA 56 =0 5 0 AU e AR 1R, ] DAZE 58 =B B XUk R 26t B R4 70k
AR, M SR AR 0 1 25 TR RS 2 R A o B 0, 23 405 I RS T DU B — 7 B ik i IR
)G KA B, T RIORIE— A ik 5 G & Kk B0, 7T LUNAE B IS & X
¥, M HIEF] IE“SS 3 & 7 Lo & S BUE NG & RS B R Al BB AT o, AT
AT DL E & KUk I 2 44k

IR 404, Al KASEFIEA PPG FRAERI A 2E S RA B TR G, 198058 1B 5.

TP IR, 1205 AR Ay seq2seq P AR N 4%, 1Eseq2seq 28 I 25 A 5 N\ B Ja AL
Hrb, Zseq2seqM & SSRGS MRS S ANE R J14510 . it 2 HIfAD 2 I AsE A A L
KHMEE A MEERR A E . Fla, BFHEGHAMELME (convolutional neural networks,
CNND | TEHMHZE ML (recurrent neural network, RNND | K45 #1012 M %% (long short-term
memory, LSTM) T EMBUT ZAMINA S, i, AHiEH, Z4968 20 D
TEAAEBREM D FLSTMZ . PPGHREEE e 2 AIS)ZE, Jhd 2445 A KIPPGT 4]
G — A, HTRA TGRS, AEMRAGIN — > B LR A
®IER, SN THER V. 285, SRR A & 5 9 it =40 tH (I PPGIn) B 7L B8
[ EPiE, SRRFES AR RE, RN E R T AR IR NV S 4
T, FRE R IS S SRS A B E S AR (B AT ARR A /R ) SRRk
M IR AR R A 2R G S R R e e FERISZE S, A gmidBibe i i m s T A
5] RIS B B, BEAS RN B — AN, AR UE T 56 H e 410 AN FARC R 4 30 1
NG I PPk NG T RSN b 5o

A IR 405, Zevfn i T E

VAR R AR Ry TR A 2R, MR AR & T i tiE S A5 2, JABE LR
TR EEE S A R RE . ARG, w8 e M R S
FE AR AR AT AR TR B A o 1% S RS TT LS I 4 P 12 N 4 B0 DR Mg R
L4y BARE B EE 5. 2N HZ NG ENSCERZ G i 280 o TT DA%
BHEE . EEPRNESE -GS, WEXE S =G S %] L%
R AR E . Ak, PR DGR SR A R A PR REE A RS, &

IPR2026-00274
Krisp Technologies EX1015 Page 75



10

15

20

25

30

35

WO 2022/057759 PCT/CN2021/117945

10—
SR AR E AT AN

ARt o, A R B A 5 W AU T IR IO R AR A 58 =, Ra,
IR ERMA DRGSR AL DR A, JE A SRR R PRI PPG HFIE, PPG RFE TR
HE - IEERNAER, i PPG R Se il 7 A B4R« el 55 =15 S 4 A 2 X
TrERERY, I AR T BT O B =R KR ARAE, s RS RFE AT PPG R4
AFNES ST S, SEEG T IR ENENE G E KRS &, =
EE A R ARIE S, M SEBUR 15 SR ISR B A RIE & XS, SEILTE & W%
L IIVE 2 2

AR, ARG S LA AN BTSN . B, % APP AL
NRIESERSE ) APP, B, AL APP, AFE3E4L APP A] AR T3¢ & 8RR R 47 55t
B B, AP Al LUER I APP Rt AR MITE H AT 6tk AEREXBRS, M)A
Ly ] SE T B A VEE AR, n] BUEIE A K BT R APP 318 & #E4T 64k

HZ I 6A 6B Fizr, H iz APP HEAT A 7 et 7714 ] LA FE:

D WP s LT ta st m s e, BInTSthl @ O B FEE S (F—iE
B oo B, AP S m B, AN e MARH SO R IR BUE RN — . T
HoaT DO L BRI 25— & ik & Ak e o ok o

2). H PRSI R IR SR B bRt BPESES =S, MHPEEER P cBEE
B ARG R, WIEGAE R &N R RNE S . S P EPE s B S, )
T P R e R B B R B, B R A RIS & A F] APP .

FH P ST ARG A, WA ik T iR AT R A G &, BPEIRCGE —dtih A
MR G H. AR S m B, WA & MASHL SO E DA R T R
ANWEE, BiZiE s E NG B

3) P AEC RS AHARLEE U 45 T e 4 A RS R A . (R - FHREER ) o 1t
P BN 20% 3 R i 40 HH OE 5 ER E AR 3 20%HOARALEE , app SEELK—
MEHN 02 WISEEL TN ERIE R, FBE, BiidwoN 30%28 5~ i 28 H i
W ER HARAR ETHEAA 30% AL, F <t BN 40%38 7 i A H 1) 5 BR H AR
W EEA 40%MABLE . FEVIHE, I RESEHE AR EAR T & 5. & 9.
Bk 505, K, HOEFHEARTRE. BEMES,

4y, P s gris e A G, BB 1L 2 A1 3 I K E I Stk APP N B K )14
UFIPIE & AL B AP e X 2%, 20 b B B AL FRAR S R 25 Ab L 2 fE A — B A B SE IR (5
), BIETHAESE BTN MAE, 1ZES RS B bR, AR E
T4 N RS R AR A B e 22

5)« A AE APP Ftiiv] LA B AN B S E S, RN A <8R0 <fRA7 SO Fie s
BRI =AM . YR SRR O R, ZAEERE S B OE S s TN e
PR R . U P BRSO R, Az A B R RS R B S RAFEIAH.
YA SR SRR, A aRat AT AR, RO R BD IR 4.
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LAE 6 DA B 0 X 25 b S 7 55t B0 AT 1 DB o I TR 42 XU 2 80 X 245 1) T R S i il
REEAT Ui o

RS B e I 28 AR = AN R 2 P 4%, TR BRI SR G 7 (RIE SRR U,
RGBT 4 CRIBLHE A r B L 22 kv DM 2 A RSB, 1 SRl e
PR

WZRE 7 R, B 7 PR ESRRRASIRTLN, BERERRSE TR
Mo RAEEE R 45, RS o BB T U o Rl B OB A AN 22 5 ) 245 0 .

PR 3 B AR R S T 2 A P R & AN [R) U 0l A R o B N R 1 o BIXUAS 43 ES B (g
FGHEFR R REA R ARER CRFE A RE S BA AR GRED, @idiZiilZh
EERZ AN 73 B AT I 2, AF RIS 0 A o 2 XU o B AN 2 58 N 44 (1) 2

T RIE SR BOBE AR i e il K E E RN R i, B, I8 5 b aRE I REA
BRI NIE S, P2 NZEANIE & 1 PPG RHAIE o 1B & REAE SR OB F T3 X PPG 4#1IE,
B BT DU A 2 5 AN P 25 (1) 2B 8T

B2 o 7 AR 23 B TR B R SR U 2 Ak, At (R B 25 5 AN Y 45 11
YR AT BT

HZ K7 BRI AR b, 203 5450 & FRAETRBUE R | Seq2seq
e es CHARGRLE. RS2 JFEEJ145M) i, BT LUE— D 2,
MM DEIEZ N ERE. 2EEZE. LSTM ZE5E4/WEZE, M&ZEINESHTE
K E B2 2

AR H OG- JRUKS 58 480 DX 285 1) B i 5 AL G 7 AN R 2 AAE T2 R T A FR G R XU 25
FERUAIE SRR P U O 2 TR VI, A5 M BE, RIANT L5518 75 5
BIRIIZE, Bk, BASPREATRELRFENARPKIEE (IR BG4 1
B0 AR EIID T REAR B B o ARSI 1L kG s fE B AR 6 (short-time fourier transform,
STFT) HyEAT R — Mg /KRR, B v 5 N\ B RS R X 28 J5,  Jd ek A I 28 1 HH R —
Mg /REFAIE, T I BOXT 2 — M RRFAE AN SE Mg SR AFAEAT 21 loss (E NIRRT, A% 0 2% ()50 H 5 5
AN STFT FiEAG 2R REFAEHEAT EE XS 2 loss {8 S HARIE, B 7 h B OEE AT
WENT I, RTINS RN, SR S B AT SR, i AR o R R
FREPE U 2 FSE N A3 2], ATRES E5ARMKE NI ZSEE R . Loss {EAE ) W 9 25 4o Ihf
1B A FE R, 4 loss (B FF2I—x{H, HIICHB4RE T FEBHAR, Ul ML D),
RIAT 4 b1 5o

BN AR B 480 WX 25 AR A = R AL B 0 R A i R AR S (RIS AN S5 FR25 A 1R
—SKEEITAD, XML ) 7 SR TR e 1 7, e B 20 O S 2RI A%
B 2%, AT LASCHRR P T30 O BT SR 2 SR A IR FE I AT 2 A AN TR T N I U T RV
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_1—

WS 8 Pror, AHFIRGIESE 7 —RiE - H B sy — el A St
X7 A SR o 30 B 2 AT Ui )

7 5 R MM 2 4G 22 AN 7 B R R, e, 5 IR I T R N B 2 1
1707 S e e ARSI R ] TR I i R L ih o, SRBLE S .

AT E R /DR, R R T, BT SR B . i,
VUNNEE R el Il 1h . 25 I, B Euh e i)y 5, i, s T e ey
NG . RFATT 5 e AR R 7y B AN R e 005 5 o 5 35 e e m] LA St AN [R] - O
Isgim v, SCOE S M) 2. JFEUIIIE, X EAGERS 1 IR R B T
WY, BARAE RIS, e LU AT 5 BB R REAT IS A, iy b AT AT
Z e, Bdn, R VYRR AR U, ] DAY DY N A e e 3 B, AR T
B Re ) ARk o

SR80, AU A A RIB IR AR AT .

Bldn, i S b ot i B A AL R AR BEASE 2o 51, 2 A B S RT LAR 55
ERZES S Wil ey g il SV 2 U Ricb ks e S (RRIN Y DY 5 (P L SRt =R I
I, WA R T S VIR Ak B AR K

DR 802 AumiR I i (I FE AT

i, ARG R T Ie i s S U B, B RRiE CGF— DR
B R BV N — 24 G ANRHNEAIED W2 MEFRE. B, 55— EFeiRirm
O Vi S (P 3 R E 5 ( BV N RV E e N S (1 5 25 3 (S I i = i [ B =
(T O P RS0 S (ED s DK LT A W P e 310 2 (P S VAR B 775 s L VA Db vl =l W
BT E VIR, STy KB T, IO P I S, K
(K3 Ft i S BRI 3 BT =407 K%, B, <PUNIT A&y < R &
E A S P L O DA VN D P AU BT e 5 T (B T F i 7 (EP TRt - (B AL AP
AR IR PR VU TE L S e 3, 5 3R T e R I TR L VU 1 E A . R
A AR FH P S N I B AR SRR 2 (14 5 55 e i

AR 803 AUkt 5 15 & MIRFALAS S AN BB PRI X R T5 5 Fe i, Jiid i
FEVRAT X RLIN 5 5 e oAb R gt 25 3

WS 9 P, AR e 7 5 VI, AomiR i AU e,
s PPG RHIEFIA BT 5 VIR (seq2seq ML), JHIL Ty 5 DI M 2 il 5 1
FRRRFAEIE S, SRR, JERL AR 2% P i e K Alg /KRR ML e # ple m R TR i 2 3. 28—
ERNE—HEES, BEEAE ST ENIET.

B CE: PR 37 K DN T R R WG VAW S R RS i BU WA i Y e e il e R g A
FEAFIE, A3 B2 & & CAFIE I . IR, RS9 & 1) PPG FIEAN s — & &t
P 1) S N S FEHR AT L0 5 5 e A A, S I e PR AT LI 5 5 e A R A e 575
CiEE. BEIEEARSMAESE BB ME, BRE TMAOESE CGEEE
I UE B PR o

W EYRR, A S, 7 E AR, B, PR, RIS
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HEIE N7 E R, PUET, s R IR ROE & ke, Al LAY BRI
NFERIITT 5, RIEAR T, TN 51— R,

ABIVERT, S EONWNE, 50 F O . B, SR E e IETE, S
JTERVINIE, B, B0 S OARIETRAESE, AR, JRABRES T S T

WS 10 PR, U5 SHHRMa a5 N A D5 S E A, S5 5 Fe s o3 it
AR ST 5, B P75 F R BAT X SR . fildn, 2407 5 R i A v
B J7 E R T VY N R R O U, S T S R TR I TR R
ARG 5 e B RN T B A R [ B A A m] L DU NN R A O T AR TSR
o AR, XFE T E A 7 ST AR, IFANIE RO A H R R GE -

nl et AR AT R AR O T Y A T, 2R 5 1 & 1) PPG 4L
By N B Ot L R U 5 B e R, G M e R A O TR, S RS N IE i,
5 AR E NI . K@ e R i, A S S R, SN 7 N,
SIS R 2 AR o 1 AR R e Y SR AR T O A B AT SIS B
FEAEE B AN AIRR 2, MANNIZ e, PR il ih & .

A, R PTIR S I N B A o B, JE PR AR AR T B TR A
W E RS AR IE . PRSI, R 28— T8 B AR R AL AT 5 — 16 & AR AL S S A A B PInA i & 4
SR, A G S R TR B A, PR S R S AT IR S iR B AR AR
AR, 2 ERIES SRS CE—EE) ME, HRE FmAEE CGE—iEE
I UE B PR o

FOIMER, fE AR, WS AR 1B .

av P Sl TR LR, AR A AL R, P
T BL AT RS L, S A SO I B B il TR, 24
S B S LR B 2

b L E SR TR AL SR SR AR . B, %G b
ELRE T B UV R B PR B MO, SR SR e,
SY AR LR, B, MO PRI S, JE & AT 1
S SRR, I T RO IO O e, T B
B B B

ov LSRR P B B A SR B

0 B P A TFUA AL HLIR 50—V B R RO B (B, I T
PRV 7 AR, S 77 o R A — BRI 60— B AR5 055
B, RN A SRR GBI MR, BRI THRAES G 19
VR B, 5TV RN DL A IV R, S R R B T — B
I, BRSSO RN R SIAEY GB ) M, B
RETHMAES GE—BE R, BB EmaE S, e .

v oI5 T PIE R T T A BB T G . TR TR 2 R (R
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.
(S R A = A il 1L Ak RO BN, AP SR B AL
PR . 2P Sl AT SCRP I, S LR 5 R B A M. 24P
A AT RSN S AR — VB BT AL, R I PP 01 R
TEZHUA SBR[ F5 38 d.

NI T B AL 2R A R AR AT 1

WZRE 12 Bix, BN 5 B MAR, BT 5 B ALECN seq2seq
LM%, 1% seq2seq M MR LARIRADIE . ARADJE Bt B 85K« AR T 5 B B R f )
RN GBAIREAF, FEMSEAR. B, F—05 5 ERpial y P ) IEE-EwiE, 1%
B 07 & H R S I RO AR TR AR AR AR ARIRR . Hod, A
JNE, B2 5% 00 I AEAH A N A 8 . 557 S B i O @ i h 0 ., %5
— 7 5 HE BRSNS SR B R R AR AR AR RS, BN, A
BN EZE EIEM RN ARV NNEESE . SRR TT S S B AS R I 8 m SE iE47 2
o B 12 U —ANT5 A SRR 1 SR R AT R

AN T5 585 KK 2 460 X 4% (1) 2 7 SRR AAR TR, KUK 2 S AR 2R A o 35 R A 47 A Y
O T INGITFR, A 5MEETH, BIAS T B B R 45 B Y AE 5 RRE 32 U Y
i, ik, PR25E STFT FyEAF I =M /KRR, I b A X 45 103 H DR 3 DU AR
fik, I B 5 =g SRR AR R 5 DY M 2R AR AT 2] Loss {ELFIURG BE, A I 25 11 % H (1) 25 DY 2R
FRIE S N IS STFT 5543 215 MR IE R AT LEXTAS 2] loss {H SRR, B 12 3
R ER TR T I, SRR N SR (ngmid 2. SRS E) I, Bk
IS B 2 AT BT, 1 AR 20 B AR R S RS B R R PG N 18 8], AFES
EARMEEZEE R . loss VRN HIB R ESATIHF ISR Fa bR, 24 loss {8 T P2 — 2 1H.,
HIEW R ARE: T Peashint, gialmss clcsl, BImT{E bl g,

ARG St b, M B ) T AR BGE & R BRI A5 RS R
SIS T T A R T 45 64k o S FH P A B A L PR 2 1 XU R A 2 i S A R] A
Fbs, i, 5 s AN S R, AP IE R R FR RS B RS A
AZ, (RN ST 5 B B A i . AR N LR Re RN ST B Lt 17—
FHEMMERE, FEMELRELM L. STIEREAR L D& 00 & BOE & G o i 2%
s[RI T DALR R N R PR 2 RS AS A AR

ARG S R, 0T SR B 2B TR B AT AR DU IR A, RS A LG
B AL A R T, A AR B . SEBR LA A, % AL B X 4 N
T APP 1, 1% APP R IE LR APP 25,

O R E S AT VU, 2K 13 B, RO VE RS -
e E 1300 HEAT UL, TE AR B AR S ONBEE 1320, AbEEALER 1310, ZREUEIH 1330,
i AR 1340,

BRTHE 1320, H-FHRUSCH P N AR IR B4, Prid B U SRR TR BE &
AR S
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AOFEREERL 1310, AT BT IR AR 1320 001 BT id B P 4R M 2
e H AR s, ik 2 AR aC A RS B i, 7 5 e i R o 30 i 2

AR 1330, RIS B e 55—l & 5

ARBRAEER 1310, &M THREUITIR AR 1330 SRABIR PR 28— 15 & RIAFIEE B
R PR 55— B RS S AR F bn 3 st 2O B2 1 A & A e i 45, 3l P i H
PR B 4l P i L B SR T 5 R

Bt 1340, HIFHHIEE iR

FE— AR ST K, Prid AL B 1310, EH TR TR 55— 15 B\ B 5
AESEHCEE, S8 I A TR S AR S U R SR U IR 25— 5 M & = S % PPG RFfiks Jir
& PPG FHIEH TR TR S IS NARE R .

FE— ARSI A, IR AR s SO0 WS B Bt 2, Tl H b v 2 e ik
[P0 285 g DA 2 i X 20 IF 5 DR o) % 0, 455 XU 20 RS RRTG 5 i 5 A 7R

P ARBOBEH 1330, A TR UM TSR BUXRS R AL 10 55 =18 & 5

PR AL PR 1310, 34 H TR Pirid 55 = 12 A\ 21 WU 7 A, 3o ik XUt 2
TR 73 B8 BT IR B =1 T RUA AR A

PR AL BEAESR 1310, 3 H TR i RS RFALE A2 — 12 IR IR A5 S i N 278 & F G A
MBATR G, ARRITR S iR

FE AR ST A, IR WS S5 25 57k, ik S Rk R 2 A 74
(I

PR AL PR 1310, 34 H TR Pirid 55 = 12 A\ 21 WU 7 A, 3o ik XUt 2
R PR 3 55 =5 T A2 —RR AL R i R PR A =R S N B AR O Y,
A IR R e U R 32 U 7Rk 1 17

P i AR 1320, 36 F TR P SN IR i ik 24 7R TR BRI i R AR A 5

P AL 1310, SO TARIEPITE SRR A E, Prid A 1320 S s
AP IR FARFAE IR 1] 8 S BEAS T IR AR A BT A 72 P IA 55 = 3 K WU SRR AIE

FE— AR ST K, Prid AL 1310, GEH TR PTIR 55— RFL R 1 B %
SRER 145, HARREAS TRAE R R K 5 H R X SRR N\ B irid 22 Sk R 45,
M i 2 Sk R o A T B = R WS SRR AL

FE— AR ST K, P SRS 1330, 38 H T HUSH 7 N SRR e F4 4
IR MG FESBAT R 135 H bR SREUITIE B bR BEAR S BRI 5, R i H AR ASEAR X
LI E AR PTIR 25 =V .

FE—AFE M ST 2, FRR AR 1330, 3 H TR — Uil AN 136 =ik
B, PRSI E N RIS, TR R AN S IR 5 U AN
N

FE— ARSI A, i F AR S s T 5 e o, i H AR o #e 4
ERONTDT e M s A AR 1310, EHI TR TR RS RIS BT E
WL, B FTR TS AR A BT IR SR RS, TR B S NE I EE S, BT
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16—
BRE B ENE T ENE S

FE—DAER S T X, Brid 7 5 Mg UiE 2 N S e, A5 Hik
TR 5 et 5 AN R R ARp 3 4507 5 5

Fridsm AR 1320, I T4 PN RIA R

PR AL BRI 1310, 31 TR 26— 15 & RIS B B PR IR B R AR B 7 5 B
A, I FTIR IR BT B 5 e A A BT IR AR E .

FE— AR Sy =, Frid b BB 1310, i H T TR 25 —iE &\ 2R 2
BRI, T IR RS A SRR A3 B BT IR A 1 TR RS R 5

PR AL BRI 1310, 31 TR TR 5 — v & I RS RRAE AR 28— 1B 5 BARFIE (S 2 50
ANENTT G i, Wi i)y &% S TR S B S, TR B S TR —
W I RS AH ]

FE—ANATIE S 7 0, Frid S 8 & NI iE &, ik H s i SO0 E &
SEBIT,  FTIAR HBRE B  4  2 J9il  5 s s R

FriR AL B 1310, & TR BT iR — i & RIS B3 B PR 200 B 1) 1 2
SR, I BT IR S B G G AR R A TR, TR SR TR S NI E .

E—AA RSy, FriRAbEERL e 1310, R TPk 5 — i & A 2R
Gy B, I I U o3 B AR 23 B TR B 1B B K RS AL 5

PR AL BRI 1310, 31 TR TR 5 — v & I RS RRAE AR 28— 1B 5 BARFIE (S 2 50
AZIFT IR & G an iR, 3l I Bl 1 o 5 s R TR A B, TR AR RS AT
B EE A .

FE— A ER S 7, Pk SREUE SR 1330, A TS — Ui ih A A0 AT IR 26
—IEE; B, MWARHEME SRR IA S —E .

FE— Pl ReR T, ARTEEIHE 1310 WD —MAbEAR E, Lb PR E A Dy ae n] LA 4
B A S ek R S

Al e, ARTERG E A DGR AT LA Ay B s O S . G, AR PR E AT DA R A
AR ALY, Horp, RIS H T BN, BB AT 2 1 s P A
SR, VAT AR AN J7 ¥ St 5] A ) AH S A B A/ 3R

A M, ARTEACE AT LM AR E A . T AT ENURE T A A T A H e E 2
Hb, JEPRIRE IS RS/ A S AR IERE, DU IUF AT A P A T BT

Al M, PR EER E A DL — e NG, B e AR

ANBIPERY, ASHAE ST SR UL TR R, ESRE 14 PR, &8 R !

FIT iR O ] AR BN o 22 R 25 A 3 2% 140 (neural-network processing unit, NPU), NPU
TENUMEEE 3 HEEE . CPU (host CPUD [, fH Host CPU 4riAT 4. NPU HIRZ L 45 N
B LS 1403, IS EEHIEE 1404 $E S 5 AL 1403 S IU7F(##% rh (0 RE R B4 IR kAT SR 1%
B,

fE—sesildr, EH g 1403 WA 2 MEBE BT (process engine, PE) o 7E—14
S, I 1403 & S YERKENES . Ga A 1403 GER] DA 4RIk ) ME A Bl R
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PATH ey A I E X FE B e H R e T 4 . 7B LLsziildr, @R 1403 &
FH AR AR P2 o

2R, B ERATE A, BUERARE B, M C. &5 HEE MBUEAFE4 1402
IR RE B AN IR, FFRAAEEFE g4 PE B @& g M A{Z s 1401
IR RE A B85 SR B #HATH RS E, 192 HHBE R 45 Rl A 453, RAEAE BN
2% 1408 accumulator H,

4L —AEAE AN 1406 F T2 180 A\ 284 LA A B 58l « B 2008 B8 A7 it BB e U 1) 428
il #% 1405 (direct memory access controller, DMAC) iz ZIA FEAFE 2% 1402 . FA
Kl il DMAC #0831 48— 471 4% 1406

BIU Jy Bus Interface Unit B, SZ#Z0HIC 1410, M1 AXI 25 DMAC AR AF
fik %% 1409 Instruction Fetch Buffer {152 H..

M EHE LR IT 1410 (Bus Interface Unit, fiiF% BIUD , H THUB/AMEAS 1409 MAMEAE
EARER A, R A R oTys MEhl s 1405 MANTAF A R B NFERE A B BUE
HFE B 1 20

DMAC = T-44- 477 it %5 DDR H ({50 A5 W0z 2 48— A7 1 v 1406 B A £L
P is BB EARGEAS 1402 o BRI N B B0 W02 215 AE 4 1401 s

I ETHE BRI 1407 UG 2 N Ie FAL PR IG, ERTEIME LT, a5 s e Ao
—BALEE, e, [MEM, fREUE, WEISH, KRS, FEH T ML
HAEGRYFC EME T E, it (pooling) , #kUH—14k (batch normalization) , J&jiH
M UH—4k (local response normalization) 4.

TE—SESEIR, mE TR R IT 1407 G &2 LB 04 I 1) A7 08 B 45— 22174 1406,
fan, g ESRIG 1407 AT LU AR M BN FH BiE AL Eg 1403 HFH, 40 BOIE
g, FHUVERBEOE A . 72— Seseglh, v R0 1407 A poH—E . A FE, BR
T . ARSI, KR I R ) B R 0 AR Bl AL 1403 BTSN, B
W TAEMp e P 2 T 1) 8 = R IR A

6 2% 1404 EZEBGEFiE 2 (instruction fetch buffer) 1409, H-T-77 %6 2% 1404
I FE 4

Gi—APfha 1406, SNAERESE 1401, BUEAAMEAT 1402 LARBUERAFAEA 1409 BN
On-Chip fFfifidy. FPEBAEAEANAAA T1% NPU flif 4244

Horb, AHES, EERESEIEA  KUkg o B, 2 A, & FRHETREL
TR Seq2seq #HEE M4 SRS = RS ZANE B I450) . 7 5 e iy 155 15 oAt
H RN A R R ()32 5RT DA S LR 1403 B R & T R G 1407 AT

B HLHE 1403 B ETHAEAIC 1407 RGBS HE (WH—Z8E , E CPUHT
BRI &2/ — AL AL T EALRE T, (1S 2 am AT Fad 5 v S i) o 2 v Fir 4
ITHI T

WS 15 P, AR SEBEIEEE 1o — il s e mde s, Wil 15 P, O
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T 5 AR BE St AH DG 4 BAREIRNT R IE R, 15 2 M0 A FOE St ) 7 v 4y
BB BT DOy 2, 2] DUNFNL PR, BRI, ®ReFERYE, &
Y SESIWSLE

] 15 75 H )2 5 A e B S it 9] i AR P 4 s AL DR (R ALK - 25 A I . 51 15,
TFHEH: W (radio frequency, RF) HLEE 1510+ fFfifay 1520 H A IT 1530, E R H
JG 1540, EAHLEE 1560, AT AY 1580, LLAHLUR 1590 Seiiff . ANSlskdi AN 52 o] ABR
K115 Hros B FALEE A HE A B FHL IR i, 1] DL AR L DR B 2 8 /D i, B
AR, B AN A B A .

NG B 1S AT &N BB T BAR A4

RF Hii#% 1510 1 HFOR S BBl R, 55 1RIRRURIE, Feil, K iuii
TATE RO, AARHEES 1580 AbHE,

FEf# 9 1520 A] H TAEAE R AR e LA SASE AR FEES 1580 it ia 47 A2 i FE A7 il &% 1520
VAR RE T LA R, AT PAAT AL & Fh D BE L DL ER AR BE . A7l 95 1520 i 24
FEALMEFR T XA ERARIX, Hdr, AR 7 X il ERE RS 20— NI f M
MRT (L SRR & ok, (2fE4 1520 ] DUELHE Spsl BV A RG2S, &
LA HEAE G R AR AR, B2 — D REBL ARG AT INAE B sl HA 5 2 1 [ A5 A7
il 2% o

BN TT 1530 1 T AN U BCE AT E B, LA AR 5 FHLERH P E DL K& )
Rep il A CIEE SHN . HAkH, ST 1530 Al ARl mimk 1531 LA A R N 15
2515320 MbdSTHAR 1531, A9, UM AR T A BER/E (b P
T4 MBS TS S YRS PR AR S AR 1531 L olfE Al mblk 1531 a1
1B, FFARARE TG B8 R SR BN AH B B3 B . nT e i), Al AR 1531 o] A4 Al sk
TN B AN b B 1 2% AN e e, SR I hE BRI P B R A, RS Ak R
PR RBE 5, M5 T AR A A il 25 s A4y ] 2% M A B A Y0 36 B 42 ioib 8545 5
I i B 2 A8 bR, PSS ALTEAE 1580, JEREIZIRALTEAS 1580 AR Ar4 3 LAk
170 B T R mipk 1531, FNFRIC 1530 ] LR FG A N5 % 1532, HAkH, Hihim
AN 1532 1] DV FREAN R T4 . Dhpe e Cbhand sEdsibil . PO - 1
IR BUAR BRAEMSE T ) —Fhel 2 A

ARG H, NI 1530 HTHRBOH PR & RgE, wln, SalssiiEs. |
13 W ABEER 1320 [Zh e T LLEZEm N B0 1530 R$47, B, B 13 FRAUEE 1330
(1 Zh & AT LLEZH A HL 0 1530 SRIAT

BIRHIG 1540 W] T SR B P N5 SR AR TP 145 B A R LI 5 g
B, BRI 1540 ATEHE EoRHAR 1541, AJER, ATLURAWR G ER%% (Liquid Crystal
Display, LCD) . AW AN W% (Organic Light-Emitting Diode, OLED) 251 R ki & &
ANTHAR 1541 JE—20 0, fdEIEiR 1531 n] 78 56 B R AR 1541, Sfmds maR 1531 A #)7E
HF BT AR S, GRS AL TR RS 1580 AT E MBI AR, G AbTE 2% 1580
IRAE A B A B BORTHAR 1541 FERAEARRIAAL e tH o BARIER] 15 o, Ml iR
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1531 5 BRI 1541 AR R LI I ARG AN Dh e, (H27E Rt
SEE) R DL AR TR 1531 5 SRR 1541 528 s I F AL S A Fi% i Zh g .

AHES, ERBIG 1540 H T BoR At s hx BB 6A « KBl 6B, Kl 11A I
11B "R APP St .

BANEE R 1560 #7588 1561, 128 1562 nliRMEH P 5 FHL2 MK SE g 0. &0
HL % 1560 T4 B & I B B i ha HAE ', AR B4 A 4% 1561, iz A 4% 1561 %
o mEEE SR B—J7m, B 1562 MW EN M & E S HACONEES, HE R
1560 FZR i 4 Ry 2 DA aie s P 2 DUECHR B HE b 328 1580 Ab B S o

KGR, FHHEEE 1560 Wit L E s 1562 U — UG AR 15, 5%, ik
FUEARNE B S HAE R 1561 T 2 JFRE B &, i, B EE AR
GRS, B, BRSNS A, B, B R S R S R
Ho Ay 1561 H THit s — k&

FE—ANATRER BT, 13 i A B 1340 FIThEETT LA 5 4% 1561 K447

ABEEZE 1580 A& TFHURIFS M AL, T BTl I ANER 2% IE R FHLR & A5, @it
EAT AT REAEAL RS 1520 PN BT RR T A/slpi e, DLACA FAF B TE A it A% 1520 P9 IT)
HE, HATFYLRS PO BE AL BEECHT , MR FHLEAT B R I . T iRy, AbEEEE 1580
A FE— AN E A T,

FHIEEREL S B IR 1590 CEbanet) , ARIERT, s AT DL i s I
HRG S A TEES 1580 IZHAE, Mmimid s s R G e M B A H . BUE. DARIhFE
HAFEIRE

RE KRR, PG LOFERERG L. WSS, A FHER.

AHAGH, YFTRAE A AE 0 IFE T HE 2 B AR Ab 23 AT I S L3 5 v S A
AT 7, BARBIZ ) IR & ik St dr A, AR A BEIR

A A St ] TR B — R B AT AR AN TR, 1% L AT S A B A A R
¥, HEAETHEAL FISATIN, IS TE EOMLPRAT T IR 73 St AR 1 7 v e A 1 2% P
PAT BB ER

A St sk SR AR — R R AR T LR P S, S AR T L AT R, S
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