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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 a 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, and obtaining 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 being further configured to: extract feature information of the first 

voice acquired by the acquisition module; and 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; 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 a 

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 a 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. 
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VOICE CONVERSION METHOD AND RELATED DEVICE 

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 (APP) 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 

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, 
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outputting a converted second voice by means of the target voice conversion network, and finally 

outputting the second voice. 

In this example, a plurality of selectable modes are provided, for example, the style 

conversion mode for performing speaking style conversion on the first voice; the dialect 

conversion mode for implementing accent addition or accent removal; and the voice enhancement 

mode for implementing voice enhancement. The three modes have corresponding voice 

conversion networks. According to the user's requirements, a voice conversion network 

corresponding to a mode can perform conversion on the first voice, thereby implementing 

diversified human voice beautification and meeting the requirements of the user in different 

application scenarios. 

In an optional implementation, extracting the 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 the 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. 

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 
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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 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, the first feature comprises a plurality of 

sub-features, and inputting the third voice into the style separation model and separating the 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, wherein the first 

feature may be, for example, a timbre; then inputting the third voice into sub-feature extraction 

models, and extracting vectors of the sub-features by means of the sub-feature extraction models; 

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 according to 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 

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. 
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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 includes 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, 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 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, 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 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 voice in a first dialect, and the 

second voice being voice in a second dialect, thereby implementing dialect conversion, 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 
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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 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 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 

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 
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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 

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; 
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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 

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 voice in an embodiment of the present application; 

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

process on 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; 

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; 
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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, user equipment (UE), or the like. 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 
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style conversion mode for performing speaking style conversion on a 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 highly natural 

voice. 

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 voice rate. 
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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 

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, 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 voice is converted by 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 far-field voice into near-field voice. 
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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 the 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 the 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 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 

operation, the mobile phone starts to record the voice inputted by the user, the voice being 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. 
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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 pieces 

of voice to be selected. Then, the terminal device receives a third operation inputted by the user, 

the third operation being used for selecting 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 the 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 voice in a first dialect, and the second voice being voice in a second dialect. 

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 near-field voice. 
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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, the style conversion mode for performing speaking style conversion on the 

first voice, the dialect conversion mode for implementing accent addition or accent removal, and 

the 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 convert 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. A mode is a style 

conversion mode, and a 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, voice 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. 
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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, 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 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 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 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 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 

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 
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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, compared with automatic speech recognition (ASR) technology, 

robustness can be further improved by using the PPG feature, as ASR technology needs to first 

convert voice into 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, 

voice can be directly inputted without being converted into text content, thereby improving the 

robustness of a system. 

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

the 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, voice 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 

each sub-feature extraction model, 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, a accent extraction model, and a voice 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 a accent feature in the third 

voice to obtain a accent vector. The voice rate extraction model is used to extract a voice rate 

feature in the third voice to obtain a voice 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, voice rate, and accent are displayed on a screen 
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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 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 voice 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 voice 

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, 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 includes a part of the timbre of the third voice. 

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 
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select whether to input the weight, and if the user selects to input the weight, the degree of 

similarity between the styles of the final outputted voice and the third voice is determined by the 

inputted 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 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. 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 

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 
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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 same 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 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 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 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 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 voice to be sent by 

means of the APP. In the audio recording or video recording scenario, after recording voice or a 
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video having 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 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”, voice 

already stored in the terminal is used by default. When the user selects “Voice of any person”, the 

user needs to tap the “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 the third voice inputted by a second speaker. If the user taps “Select 

a file”, the terminal device selects already stored voice of any person from a local file, and uses 

the voice as the third voice. 

3). The user selects input style feature weights (also referred to as “sub-feature weights”) 

under “Adjust style similarity”. 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 “Voice 

rate” to 30% indicates that the voice rate of the final outputted voice has a similarity of 30% to the 

voice 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 that 

the adjustable style features include, but are not limited to, pitch, intensity, duration, timbre, etc. 

The timbre includes, but is not limited to, prosody, voice 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 

processed a voice (a second voice) is outputted after being processed by the voice processing 
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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 

weights used for inputs. 

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. 

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 voice, and a 

label is a PPG feature of the sample data. 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. 
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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 update of the network. The loss value is an indicator 

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

and there is no obvious trend of continuing decreasing, 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 
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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 far-field voice into 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 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. 

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 
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“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 voice in a first dialect, and the 

second voice is voice in a second dialect. 

Optionally, the terminal inputs a third voice into a style separation model, and separates a 

style feature of the first voice by means of a 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 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 
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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 far-field voice, and the second voice is 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 far-field voice, and the label is 

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 

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. 
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a. After the user taps the “Start recording” button, the terminal records voice (the first 

voice) that the user desires to process, or the user may tap the “Select a file” button, and the 

terminal selects 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 far-

field voice, and the second voice is 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 

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. 
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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 Sichuanese voice, and the label is 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 Mandarin voice, and the label is Sichuanese voice having 

the same content as the Mandarin voice, and 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 

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. 
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In the embodiment of the present application, style features such as timbre, prosody, and 

voice 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, 

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 
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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 a 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 the 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 sub-feature extraction models, and extract vectors 

of the sub-features by means of the sub-feature extraction models. 

The input module 1320 is further configured to receive a weight of each of the plurality of 

sub-features inputted by a user. 

The processing module 1310 is further configured to determine the style feature of the third 

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

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. 
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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 far-field voice. When the target conversion 

mode is the 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 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 the 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 a 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. 

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 
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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. The 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. 

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. 
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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 1407 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 

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 a main CPU is configured to read a computer program 
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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, 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 

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. 
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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 on or 

near the touch panel 1531 (such as an operation performed by a 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 the 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 the 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 

operation on or near the touch panel, the touch operation is transmitted to the processor 1580 to 

determine the 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 
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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 voice that has 

undergone style conversion, or the second voice is voice that has undergone dialect conversion, or 

the second voice is 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. 

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. 
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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 a 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 (read-only memory, ROM), another type of static storage device 

that can store static information and an instruction, a random access memory (RAM), etc. 

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, 
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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 couplings or direct couplings or communication connections may be indirect 

couplings or communication connections 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 

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 
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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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ABSTRACT 

Provided are a voice conversion method and a related device to implement diversified 

human voice beautification. A method in an embodiment 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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A terminal receives a mode selection operation inputted by a user, 
the mode selection operation being used for selecting a voice 

JlOl 

conversion mode 

1 ' 

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 

Jl02 

enhancement mode 

The terminal acquires a first voice to be converted 
Jl03 

The terminal extracts feature information of the first voice 
Jl04 

, ' 
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 

Jl05 

converted second voice by means of the target voice conversion network 

The terminal outputs the second voice 
Jl06 

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

J401 

, ' 
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 

J402 

extraction model 

The terminal inputs the third voice into a style separation model, and 
separates the style feature of the third voice by means of the style 

J403 

separation model 

1 ' 

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

J404 

The terminal outputs the second voice 
J405 

FIG. 4 
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11, tlzffli'XlLl~* 1 ~ 2 ?Jr~s{]~i!, ~t~1-iEfrT, ?Jr~ffi-i:g:-tr~fil:1:mi:g:-tr, §p)T 

~§~tt~~A~m-tr~~~A,~~§~m-trtt~rxxJ~~m-tr~~~~~. ~~ffi~~ 

ffi-i:g:-trs{]t~{iEf~L~,-AfLl?Jr~ § ti$~~tlAxt@s{] § tii:g:-tr$~~rxxJit, ~tt?JT~ § tii:g: 
-trtt~rxxJ~•llitt~~~m=m-tr, 'ELm: 

~~?Jr~ffi-i:g:-trs{]t~1-iEf§,~,-AtLl?Jr~tlAXt@s{]i:g:-tr:l:iB5itl~, ~tt?Jr~i:g:-tr:l:iB5i 
~~~ili--~:rr. ~~--~:rr.~~~~~:rr. 
'I~ '.=t.:. -mu W ~ - l~ I=! ' r; I J&~ - l~ I=! /~ )l_LJ-c,1/J i~ I=! 0 

12, tlzffli'XlLl~* 11 J1Jr~s{]~i!, ~t~1-iEfrr, J1Jr~~i!~'E1t15: 
~~J1Jr~ffi-i:g:-tr.AlLlR~7J\.~tl~, ~ttJ1Jr~R~7J\.~tl~7J\.~J1Jr~ffi-i:g:-trs{]R 

~t~:fif; 
p)T~~~?Jr~ffi-i:g:-trs{]t~1-iEf§,~,-AtLl?Jr~tlAXt@s{]i:g:-tr:l:iB5itl~, ~tt?JT~i:g:-tr 

tiB5i tl ~ • lli ffi = i:g:-tr, 'EL t15: 
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~~ }1)Tj£ffi -i:g:-tr s{] )XliJ,";;4~1-iEJf P }1)Tj£ffi -i:g:-tr s{]t~{iEf§ }~,$tu AiLlJ1Jrj£i:g:-trti5jij;J~, ;m 
tt~J£m-tr~~~~$tulli~J£m=m-tr, ~J£m=m-tr~~J£ffi-m-tr~R~ffl~. 

13, tlHlisi'XlLl~* 1-12 qJ1f-r91J1Jr3£s{]7'fi!, ~t~1-iEftr, J1JrJ£~!!X1t$~~s{]ffi-i:g: 
-tr ' 'EL t!5 : 

~~ffi-~~A$tuA~~J£ffi-m-tr; 
~~' 
M*~~~~#qJ~*~J£ffi-m-tr. 
14, -;fqii:g:-tr$~~~1L ~t~1-iEfrr, 'E1t15: 
$tuA~~' fflr~~fflP$tuA~~A~*~~' ~3£~A~*~~fflr~*m-trtt~ 

s{}tJA; 
~~~~,fflr~ffl~3£$tuA~~~~~~3£~A~*~~M$~~AqJ~*§~tt 

~~A, ~j£$~~A'E1mR~tt~~A, 7f~tt~~A~m-tr~~~A; 
~!IX~~. mr~!IX~tt~~m-m-tr; 
}1)Tj£~~tl~, ~ffl rtl!IXJ1Jr3£~!1Xtl~~!!XJLl s{]J1Jrj£ffi-i:g:-trs{]t~1-iEf§ }~,; ~~}1)Tj£ 

m-m-tr~~film~$tuA~J£§~tt~~A~@~§~m-trtt~~~.;mtt~J£§~m-tr 
t~ ~~ti $tu lli t~ ~ Fo s{] m = i:g:-tr; 

$tu lli tl~, ffl r $tu lli J1JT3£ffi = i:g:-tr. 
15, tlzffli'XlLl~* 14 J1Jr3£s{]~IL ~t~1-iEftr, 
J1JT3£~~tl~, ~ffl r~~J1Jr3£ffi-f§ ,1~,$tuAiLli:g:-trt~1-iHl!!Xtl~, ;mttJ1JrJ£i:g:-trt~1-iE 

~!IX~~~!jX~j£ffi-m-tr~-tr·Fo~ffi$WG~fil; ~3£WG~filfflr~ffi~j£ffi­
i:g:-tr s{] pg ~1* }~,. 

16, tlzffli'XlLl~* 14 ~ 15 J1Jr3£s{]~IL ~t~1-iEfrr, 3J1JTJ£ § ti$~~tlAT'JR~$~ 
~~A,~3£§~m-trtt~~~T'JR~tt~~~~' R~tt~~~'ELmR~*~~~~* 
-tr;:lliftl~; 

~J£~!1X~~. mr~!!Xfflr~!IXR~~fil~ffi-m-tr; 
J1JT3£~~tl~, ~ffl r~~J1Jr3£ffi-i:g:-tr$tuAiLlR~7J\.~tl~, ;mttJ1Jr3£R~7J\.~tl~ 

7J\. ~ J1JT3£ffi - i:g:-tr s{] R~t~1-iE; 
J1JT3£~~tl~, ~ffl r~~J1JrJ£R~t~1-iEJfPffi-i:g:-trs{]t~1-iEf§ }~,$tuAiLli:g:-tr;:lliftl~fil 

ff;:llif, 1iiLlJ1JrJ£ffi= i:g:-tr. 
17, tlzffli'XlLl~* 16 J1Jr3£s{]~IL ~t~1-iEfrr, J1JrJ£R~t~1-iE'ELttffi-t~1-iE, J1JT3£ 

ffi-t~{iE 'EL t!5 $ ~-=f t~{iE; 
J1JT3£~~tl~, ~ffl r~~J1Jr3£ffi-i:g:-tr$tuAiLlR~7J\.~tl~, ;mttJ1Jr3£R~7J\.~tl~ 

tt!IXJ1Jr3£ffi-i:g:-tr qJ s{]ffi-t~1-iES{] fPJ;.; ~~J1JT3£ffi-i:g:-tr$tuAiLl-=ft~1-iHl!!Xtl~, ;mttJ1JT 
j£-=f~fil~!IX~~~!IX~3£-=f~fil~[PJ;; 

~3£$tuA~~' ~fflr~~fflP$tuA~~j£$~-=f~filqJ~~~j£-=f~fil~&m; 
~3£~~~~.~fflr~ffl~J£ffi-~fil~fPJ;, ~3£$tuA~~~~~~~~J£-=f~ 

fil~fPJ;H~~~J£-=f~fil~&m~~~J£ffi-m-tr~R~~fil. 
18, tlzffli'XlLl~* 16 J1Jr3£s{]~IL ~t~1-iEfrr, 
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~~~~~~.~mr~~mP•A~~*~*~~. ~~~*~*~~mr~*§ 
~~*; ~~~~§~~*~@~m~, ffi~~§~~*~@~m~~~~~ffi-m~. 

19, i'IHlisi'JUfU~* 14 ~ 15 ?Jr~s{]~jl, ~t~{iftEr, ?Jr~§ 1i$~MHJtt;~jf g $~~ 
~A, ~~§~m~tt~~~~7fgtt~~~; 

J1JT~~:£11J~, ~ffl r~~J1Jr~ffi-i:g:~s{]t~1-iEf§ -~,-AfU7f g $~~~ML imttJ1JT~7J 
gtt~~~-lli~~ffi=m~,~~ffi-m~~ffi-jfg~m~, ~~ffi=m~~ffi=7f 
~r'r!-t'E.:±r. 
i=iJ:l'Jl~i=!• 

20,~ffl&~~*19~~~~B, ~~filfrr, ~~~JI~~, ~fflrffi~~ffi­
i:g:~-AiUJxl~7J\. ~tl~, imttJ1JT~R~7J\. ~tl~7J\. ~ J1JT~ffi-i:g:~ s{] R~t~1-iE; 

}1)T~~:£11J~, ~ffl r ~~ ?JT~ffi-i:g:~ s{] R~t~{iE;fPp)r~ffi-i:g:~ s{]t~{iEf§ -~,-Aiu 
7f§tt~~~.;mtt~~7fgtt~~~-lli~~ffi=m~, ~~ffi=m~~~~ffi-m~ 
s{]R~:t§~. 

21, i'lzffli'XJfU~* 14 ~ 15 ?Jr~s{]~jl, ~t~1-iEfrT, ?Jr~ffi-i:g:~~fil:1:mi:g:~, 3 
~~§~tt~~A~m~~~~A, ~~§~m~tt~~~~*~~~~~~. 

}1)T~~:£11J~, ~ffl r ~~ ?JT~ffi-i:g:~ s{]t~{iEf§ -~,-AtU?Jr~i'lAX'J @s{]i:g:~tiB1Hl 
'!FU 'cB ',--f-. r:;i:;: '---!'-'E.E-l-lillf ,12 -J,-l+ '!FU~ Ll! A-k - 'E.:±r. r:;i:;: '---!'-A-k - 'E.:±r. -'-l-,~ i:;:.-1-z. 'E.:±r. 
'.=f=:.' JJflJ-1-r; I J& l~ I=! J,fcc!J~'l~'.=1=:. f~U W ~ - l~ I=! ' rJI J&~ - l~ I=! /~ )l.!J:1/J i~ I=! 0 

n,-#~~~4, ~~filfrT, §m~llff, ~~~:@.ff~~~ffM~, ~~~~ 
B~~~~~m~, 3~~~~B~~~~~m~~~~~:£1B~fi~~~&~~*1~ 

13 qJ1f-r91J1Jr~S{]7fi!. 
23,-#tt•mm~~~*~' ~~filar, §m~~. 3~att•m~~fi~, ~ 

ffltt•m~fi~&~~*l~l3qJ1f-~~~~jf$. 
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m~~*~~~§m: R~tt~~~. m~~~tt~~m-m~filfi~~R~tt~; ~~ 

tt~~~. m~~m-m~~~~ □~~* □~; m~~~~~. m~~m-m~~~* 
~~~; -#~~A~~@~m~tt~~~, ~fflfflP~*~§~tt~~~, ~*§~tt 
~~~~@~§~m~tt~~~~m-m~filfitt~, •llitt~~~~m=m~, M®~ 
~A~~~~$~~. m~mPa~~@m~~~~~*· 
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u101 
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~A§mm-trR~tt~~A, ~~tt~~A~m-tr~~~A 

u102 

~t t1m ~ !IX ft t~ ~ s{] m ~ i:g:-tr 
ul03 

u 

~tt/mtl!!Xffi ~i:g:-tr s{]t~1-iEf§ }~, 
ul04 

u 

~tft/m~~ffi~i:g:-trs{]t~{iEf§ -~,-AJLl § ti$~~tlAxtfis{] § tii:g: 
-trtt~~~. ~tt§~m-trtt~~~•llitt~~~m=m-tr 

ul05 

$itllifrk~'E.:±r. 
U ~~l~ 1=1 

ul06 

lllll 11111111111111111 1 
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~~~~~tt~~m-m~Hm~~~R~~fil~ffi-m~ 
u401 

u 

~tft/m~~ffi-fg:~$tuAiLli:g:~t~1-iEtl~tl~, ;mjjj:g:~t~1-iHI ~ 
tl~ ti~PPGt~{iE 

u402 

~tft/m~~ffi-i:g:~$tuAiLlR~7J\.~tl~, ;mttR~7J\. ~ tl~ 7J\. ~ 
ffi - i:g:~ s{] R~t~1-iE 

u403 

u 

~tft/m~~R~t~1-iEJfPPPGt~1-iE$tuAiLli:g:~;:lliftl~:itl:1i;:llif, t/.B 

'if 

tLlfrk-'E.:±r. 
~-l~ I=! 

u404 

~%, ft/m $tu tB ffi = i:g: ~ 
u405 

II I I I I 1111111111111111 3 
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tt#~J!~ 
*$~WHm~~~tt#~~' ft~WH-#m~tt~~~$Hffl~~4. 

ffw:tt# 
AF ~Ht~ 1~ xt F ~Jtt ff 1,tttff ;f P ~ 1t' r Ii.-~~:&: s{] PJr '.% ~~~ 0 § 1W rp ffi _t {ltt s{] )R ~ 

~1tf:~~tfjt}1[ffl (application, APP) s{]i~~)RfffiJJ}J~~t~~*~ -A£S{}AF~1ts{]~~jJ 0 

M~, ~m~filff*~,~~m~~~~~~;~, ~~~~~A~~~m~~~filff~ 
ttff, xtr AF ~1t s{];tJtt:tt r • - . 

Jt~pg~ 
*$~~~M~~7-#m~tt~~~$Hffl~~4, fflr~~$#AF~~~A, 

~JJli'iAF ~1t s{] $ tt tL 
m-~TIIT,*$~~~M~~T-#m~tt~~$, ~~$fifflrm~tt~~B,M 

~' ~~Im~~~~' ~~$m~§m: ~~~~fflP•A~~A~*~~.~A~* 
~~fflr~*m~tt~~~A, ~Fo, ~~, ~ffl~A~*~~M$~~A~~*§~tt 
~~A, $~~A§mR~tt~~A, ~~tt~~A~*~~~~A; ~~m~~*§~ 

tt~~A~fI~§~m~tt~~~.~tt§~m~tt~~~~~m~tt~; ~~~4~~ 

~tt~~m-m~, JtJ:-W~~m-m~~~film~, ~~film~fflr~mm-m~~pg 
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-#~AA~~fI~m~tt~~~.~fflfflP~~*' ~A~fI~m~tt~~~m~~ffi 
-m~filfftt~, Mffi~~AF~~~$tt~, m~fflP~~Mffl~w:~~*· 

a-#m~~~~~A~, ~~m-m~~~film~m~A~§m: ~~ffim-m~ 
.AiiJi~~t~1iEtl~tl~, ~tti~~t~1iEtl~tl~tt~ffi-i~~s{]~jtFo~tl!f$ PPG t~{iE; 
PPG t~{iEffl r1i ffi ffi-i~~ s{] pg ~f~Ui~L PPG t~{iE ti~ s{] ~ i~~ ~Yl?Jr xt fI ~jt~ ~ ~~~ 
jttl!f$S{]:::k1J\' if§ 3-f-xt~jtfilff 7 iHJJ!J' i~ PPG t~{iEffl r1iffiffi-i~~s{] pg ~f~Ui~L * 
~M~, ~~~ffim~tt~~~**~mm~~pg~m~, w~~~~ttm~•A, H~ 
ttwG~fil~mm-m~~pg~m~, ~~~~~•tt. 

a-#m~~~~~A~, 3§~tt~~A~R~tt~~A, §~m~tt~~~~R 

~tt~~~~,R~tt~~~§mR~*~~~~m~M~~~. ~~$~m~§m: ~ 

ft/m~~fflrtl~R~t~1iEs{]ffi-i~~, *~~ffi-i~~-Ai!JR~7J\.~tl~, ~ttR~7J\.~ 
tl~7J\.~ffi-i~~s{]R~t~{iE; ~Fofil-Ws{]~~ R~t~{iE;fPffi-i~~s{]t~{iEf§ -~,-Af!Ji~ 
~;:ll~tl~JtJ:ff;:ll~, 1ii!Jffi= i~~. 

*~~M~,~~~~~tt~~m-m~~fflr~~R~~fil~ffi-m~.~Fo, m 
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-i:g:~$tuAiLli:g:~t~1-iEtJVIXtl~, j!JB1i:g:~t~1-iEtJVIXtl~tt!IX PPG t~{iE; PPG t~{iEJ=llr1i 
ffiffi-i:g:~s{] pg ~i§ }~,, imtt PPG t~1-iE~JJ}li:g:~s{]1Lti$tuAo ~tft/m~~ffi -i:g:~$tuAiLlRti 
*~~~, imttRti*~~~*~ffi-m~~Rti~fil, .Fo, ffiRti~fil~WG~fil$tu 
AtLli:g:~;:lliftl~Jtl:ff;:llif' 1tiu;:1iif Tffi-i:g:~ pg ~;fOffi-i:g:~ Rtis{]ffi=i:g:~ 0 ffi­
m~m ~~ff~A~m~, M®~~ffiffi-m~tt~~ff~A~m~Rti, ~~m~Rti 
tt~~$ttttoa-#m~~~~~A~, Rti~fil§mffi-~fil,ffi-~fil§m$~~ 
t~{iE; ~~ffi-i:g:~$tuAiLlJxlti7J\.~tl~, imttJxlti7J\.~tl~7J\.~ffi-i:g:~s{]Rtit~{iEm ~ 

A1t§t15: ~tft/m~~ffi-i:g:~$tuAiLlRti7J\.~tl~, imttRti7J\.~tl~tt!!Xffi-i:g:~~ s{]ffi 
-t~1-iES{)fPJ;, iJLl~□, i~ffi-t~1-iEm~T'J~B, ~Fo, ~~ffi-i:g:~$tuAiLl~t~1-iHl!!Xtl~, 
imtt~~fil~!IX~~~!IX~~fil~fPJ;; ~~ffl?$tuA~$~~~fil~~~~~fil~& 
m; ~fflffi-~fil~fPJ;, ~~~~fil~fPJ;H~~~~fil~&m~~m-m~~Rti~ 
1-iL 

*~~M~,imttffl?$tuA~~~~fil~@~&m, ~~~tt~m~~Rti~ffi-m 
~ cep §HitltJzxt@s{]i:g:~) s{]:t§1~1t, i~:t§1~f¥1ts=rffl?$tuAS{]i'Xm1R~o -~t$tut±:\s{} 
m~Rti~ffi-m~~ffl~~lts=r~&m~~. mPm~;mtt~~$tuA~&m, ~m~~ 
~tt~m~~Rti,tt~m~~Rti~m~~m-m~~Rti~~ffl~, *m~am-m 
~~Rti~~~~filffa~, Mffi~~~tt~m~~Rti$tt~o 

a-#m~~~~~A~,~fflffi-~fil~fPJ;, ~~~~fil~fPJ;H~~~~fil~ 
&m~~m-m~~Rti~film~§m: ~~ffiffi-~fil~fPJ;.$tuA$~tt~n~~. H 
~~~~~t~1-ifs{)fPJ;H~~xt@i'2ms{]**R$tuAJLl$~11~n~a11J, imtt$~11~n~a11J 
$tu tB ffi - i:g:~ s{] Rtit~1-iE o 

*~~M~, $~tt~n~~~ffl~~~~M~~~~~OO~!IX~fil*~' ~~~~ 

@~$~00~~-~~~fil~OO, ffl§~ffi~$~00*M, ~~~~~-~~~fil~OOo 
$~tt~nm~ffl§~$~~~ffl~~tt~nm~,M®~ffl$~tt~nm~$tutB~~* 
§ 13-ffi-i:g:~s{]$7J\.~5o 

a-#m~~~~~A~, ~!!Xm~~!IXRti~fil~ffi-m~m~§m: 
~~~~ffl?$tuA~~*~*~~, ~*~*~~ffl~~*§~~*' M~, ~§~ 

~*m~~~ffl~~~Rti, ~~. m~T'J~-~"~ffl~~"~m~Rti~, ~~~!IX 
§~~*~@~m~,ffi§~~*~@~m~~T'Jffi-m~, ffiffi-m~~Rti~filMif 
lLlffi-i:g:~~, tAffim ~~JJlilii:g:~ Rtis{}$tt1to 

a-#m~~~~~A~, ~I1Xm~~!IXRti~fil~ffi-m~m~A1t§m: ~~~ 
m~~~m=~~A$tuA~ffi-m~, m-m~T'Jffi-~~A~m~, m=~~AT'J~ffi 
-~~A~~~ff~A, Mffim~~~m~Rti~$tt~o 

a-#m~~~~~A~, §§~tt~~AT'J~§tt~~A, §~m~tt~~~T'J~ 
g$~~~ttat, ~~ffi-i:g:~s{]t~1-iE1§}~,$tuAJLl § 1it~~tlAxt@s{] § 1ii:g:~$~~~tt, ;m 
tt§~m~tt~~~$tutBtt~Fo~ffi=m~, ~m~A1t§m: ~~ffiffi-m~~~film 
}~,$tuAtLl~ g$~~~it, imtt~ g$~~~it$tut±:lffi=i:g:~, ffi-i:g:~T'Jffi-~ g s{]i:g:~, 
m=m~T'Jffi=~§~m~, M®~~~gtt~, ~~~~~~mP~~~~~tt, ~~ 
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i:g:~ $~ ~ s{] $ tMt o 
a-#m~~~~~A~,~gtt~~~§mg;~~gtt~~~. ~~~gtt~~~ 

*~*~~~~~tt~~§, ~$~§m: ~~m~~~mP•A~~*~~; #Hffiffi 
-i:g:~s{]t~1-iEf§,~,-AJLl~1l~f'Fxt@.s{]~g$~~tl~, imtt~1l~f'Fxt@.s{]~g$~~tl 
~-lliffi=m~o*~~M~, ~~m~~fflfflP•A~A~~~~*~@.~~gtt~~ 
~o 

a-trrm~s{]~JJli'i~A~, ~i!~§t15: ~tft!m~~ffi-i:g:~-AJLlRti7J\.~tl~, imtt 
Rti*~~~*~ffi-m~~Rti~fil; ~~. ~~ffiffi-m~~Rti~fil~m-m~~ 
t~{iEf~L~,-AJLl~ g$~~~ML imtt~ g$~~~it.lliffi=i:g:~, ffi=i:g:~Jfpffi-i:g:~s{] 
Rti:t§~o 

*~~M~, ~m=m~~~~•Am~cm-m~)ffl~, H~mT•Am~cm 
-i:g:~) s{]i£i!Rtio 

a-#m~~~~~A~, m-m~~fil~m~, §§~tt~~A~*~~~~A, 
§ tii:g:~$~~~it~i:g:~tiB1HJ~at, ~~ffi-i:g:~s{]t~{iEf§ -~,-AJLl § ti$~~tlAxt@.s{] 
§~m~tt~~~. ;mtt§~m~tt~~~•llitt~~~m=m~m~§m: ~~ffiffi­
i:g:~s{]t~1-iEf§,~,•AiU1lAxtm.s{]i:g:~tiB1HJ~, imtti:g:~tiB1Hl~-lliffi=i:g:~, ffi= 
m~~~~m~o*~M~, ffifil~m~tt~~~~m~, ~~m~~~, ~~~m~~ 

ffl~~' ~~7@.ffl~~' ~~m~tt~~g;~~o 
a-trrm~s{]~JJli'i~A~, ~i!~§t15: ~tft!m~~ffi-i:g:~-AJLlRti7J\.~tl~, imtt 

Rti*~~~*~ffi-m~~Rti~fil; ~~. ffiffi-m~~Rti~fil~m-m~~~fil 
f§,~,-AJLli:g:~tiB1HJ~, imtti:g:~tiB1Hl~-lliffi=i:g:~, ffi=i:g:~Jfpffi-i:g:~s{]Rti 
ffl~o*~M~, tt~~~~m~~-Am~cffi-m~)ffl~, H~ffi7.Am~cffi 
-i:g:~) s{]i£i!Rtio 

a-#m~~~~~A~, ~~~tt~~m-m~m~§m: ~~ffi-i£~A•A~ 
ffi-m~; ~~, M*~~~~#~~*ffi-m~o 

ffi=~ffi,*$~~~M~~7-#m~tt~~B, ~~BA~~~~~ffi-~00~ 

~~~fi~~~. ~~~m~;mtt~#~~. *m~;mtt~#~fiffl@.~~#~~; ~~ 

#~~#§m-~~g;~~~~~~ffl~@.~~~o 

ffi-~00, *$~~~M~~7-#~~, §m~~ff, ~~ff~~&-~~~ffM 
~. ~~Bm~~~~&-~~~B~~~~tt•m~~. ~ffl~~~fi~~m-~oo~ 
11-r91 s{]~1i 0 

m~~OO,*$~~~M~~7-#tt•mm~*~' ~~tt•mm~~~*~m~ 
~~tt•m~~. §~~tt•m~~att•m~~fi~, ~ffl~~tt•m~fi~~m-~ 
ffis{]~i!o 

ffiE~ffi, *$~~~7-#~#~~, ~~#~~§m~~ff, ffl~~~~~~4 

~~~~~ffi~~WH~~~oa-#m~~~tt~, ~~~#~~~§m~~ff,~~ 

~~ff, ffl~~~~~~4~~~~~ffi~~~fflo~~#~~, m~~~#~~, *m 
~ § t15 ~ # ;f P ~ffil7J\. iL ff 1tf: o 
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m~-m~ 
~1~*$m~~M~-#m~tt~~$~-~~~M~W~~~~; 

~2~*$m~~M~~*~A~~~~~~; 

~3~*$m~~M~~~A~~m~tt~~~~oo~~@~*~~~~; 

~4~*$m~~M~-#m~tt~~$~~-~~~M~W~~~~; 

~5~*$m~~M~m~filffR~tt~tt~~-~~M~~~~; 
~~~*$m~~M~R~tt~~A~~oo~-~~~~~~; 

~ 6B ~*$m~~iJU~R~$~~tlAB{]~ffis{]~-~:1:m~~~~; 
~ 7 ~*$m~~iJIJ~R~$~~~itiJl[iff3f:~J~JTS{]~~~; 
~8~*$m~~M~-#m~tt~~$~~-~~~M~W~~~~; 

~9~*$m~~M~m~filff~gtt~tt~~-~~M~~~~; 
~1O~*$m~~M~m~filff~gtt~tt~~~-~~M~~~~; 

BP20200716 

~ llA ~*$m~~,fylj ~~ g $~~tlAR.i:g:~ti55itlAB{]~ffis{]-~:1:m~~~ ~; 
~ 11B ~*$m~~,wu ~~ § t~~1JA2zi:g:~ti55i1lAs{]~ffis{]~-~:1:m~~~ ~; 
~ 12 ~*$m~~,wu~~g$~~1J~v1rtff3=tJ!ffis{]~~~; 
~13~*$m~~M~-#m~tt~~B~-~~~M~~~~~~; 

~ 14 ~*$m~~,wu~-trr~J=ts{]-~~,wus{]~a11J~~~; 
~15~*$m~~M~-#m~tt~~B~~-~~~M~~~~~~. 

Jl~~~~Sct 
~ooffi~~*$m~~M~~ffl~,~*$m~~M~~tt*~~filffm~.*$m 

~ t±:1JJli'is{]*i:g:"Jfo1~", PT ~~-trr:ti~~~xt~.s{]~~~*, *~PT ~1¥a-tr11~*, ,wu 
~□' A;f0/~B, pJ ~*~= 1¥LM!1¥frA, ~at1¥ftAJf0B, 1¥LM!1¥frB~ -;frfittm. ~jr' * 
$m~¥t-r"r, -~St*~irrr Fo~~xt~~-trr"~"s{]~*. *$ms{]ittS}j~Jfoi'2Jfu~*~ 
R__t~ !Yft ~ ~ s{] *i:g:"ffi _,,' "ffi ="~~ffl TIX JJIJ ~1~ s{] xt~' rfij:,1-£, ffl Tts'i~t~5E S{] )1[91 
ff~~Fo~ff.@~~M~~~ffl~*mam§~m~PT~K~, ~~~~m~~~~M 

~~{i]$ ~~* 7 a~~~~~:t£~s{] pg~ ~jrs{]J1191ff~~. Jltjr, *i:g:"'ElAt"Jfo"A~" ~2z1m 
1i'J s{] 1f 1PJ~%, ~~fr r1iw. ~~Fili s{] 1~li3', ,fylj ~□, 'Eli3' 7 - * Jlj W #l~tl~ s{]tt;f¥, ~ 
$,*~-~~~~4~~~rffl~~~t±:\~ffl®W~~~~, ffi~PT§m&~ffl~~~ 
tB~~~r~®tt~-~$-~~~~4~~~~~w~~~~. 

*$m~~M~~T-#~~tt~~$, ~~$@fflr~~. ~~~PT~~~m-~ 

*~~, ~fil*~~, fi~~*~A~m~~~~fi~~~, ~~~~4*PT~~~~~ 
~4, ffl?~4 Cuserequipment, UE) ~. i~~%,ftlm~4PT~~~i'JL~,fyljfilff-W.S}j. i~~tftlm 
~4pgreB~m~~~~~~~. m~~~~~~~~~§mR~tt~~~. ~gtt~~ 
~~*~~~~~.m~~~~~~~~~~*~~tt~c~~).*$m~~~7$# 

pJ~~*~~A, ~R~tt~~A, fflr~ffi-m~filff-W.~R~tt~; ~gtt~~A, 
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fflr~~~D~~* □~; *~~~~A, fflr~~*~~~; -#~AA~~@~m~ 
tt~~~, ~~~fflffl?~*~§~tt~~A, ~*§~tt~~A~@~§~m~tt~~ 
itrxt~!!XJLls{]ft$~~8{]~-i:g:~3tl:ff$~~' •tr1$~~z:.Fos{]~=i:g:~, fAITTJ~JJli'iAJB~Ht 
~$~~. m~mP~~@m~~~~*· 

~7£~~~M*$~, ~~~*$~~WH~~mfilff~~. 
ff5UtLlffJU (sequence to sequence, seq2seq) 1,i?:~i4f: seq2seq~rffi~~ (encoder) -

t~~~ C decoder) ~atiJ s{]-trfi, •)..s{]Jf JU C sequence) jJltJ1ffi~~mRJfsJJ~Ztl°f 5E *lts{] rPJ ;, 
~Fo~~i~rPJ;.AJLlt~~~m~1iiLl•t±:\s{}ft:JLl Csequence). seq2seq1,i?:~i4ftl°tffi~~mlot~ 
~~ mt~ 831,i?: ~ itrtiJ P>G. ~ ~, ffi~~ m C encoder) ffl TJ!!B1 - 5EtrJllJ!Ll xt• As{] Ff JU filff ffi 
~~"±-P>G rPJ;.. t~~~m C decoder) ffl r~~"±.JJ)GS{J rPJ ;$~1tP>G• tB S{]Ff JU. 

tt~~C~rntioo)~~: ffi~m~"±.JJ)G$~ffi5E*lt~rPJ;, ~~rPJ;mrn•A~ 
1-LE1Joi'21tiu, i'211i£Jt~~~ms{]•t±:1:t§~, ~ § s{]~i1:t~~~ms{]•t±:1£~11•As{]~~~tt 
$7]\., W~~~fifHi.A. 

1,i?:~itr JB~~ff C vocoder): *mi_t~-trr1,i?:~itr, ffl r~~i:g:~~~1,i?:~itrs{]• 
tBt~tLEt~~~ §~It~ s{]i:g:~. 

Rt;;4~1-iE: 'E1t151B~~~5Er~B, ~B~tl°!JB ~S{] rfiimi, x.P4~rfii, ~B PT ~&B~~ 
~A~t±:l~F~~~~rfli)Ji.~5'§m~~~;ET~W, m~~m~. 

~jt: ~-~~~i}J{'FS{]:luJ\i:g:~J¥l{ir, ~P hao (ff), -~~ 3 ~~jt, wo (~), 

-trr~ 2 ~~jt. 
~jtFo~tl-¥ (phoneme posteriorgram, PPG) t~{iE: ~~i:g:~~0~r-tilfm~5EX.S{] 

m~•~c~jt~-~~M~jt)~Fo~ffi-¥,~®*~•~~mTm~~*~~m~m 

-~(mcl)~fil: m~m%~~~~%~~fil~*~~~~~_t~~fil~~' ~~ 

~~ffl~*~~fil~~~~tBm~m%~~**~~.~tt~m~m%~-¥~~*~' PT 
~~!!Xm~~~fil.ffi~~fil~~m~m%~~fil*~' PT~ffl~*~*~~~•~tt. 

~~00~1~~'*$~~~T-#m~tt~~$~-~~~M, ~~$~~ff~~ 

~~~~4.~~, ~~$~~ff~~*PT~~~~~4~~~~ff, ~~, ~~ff~~ 

*PT~~~~~4~~~#.*$~~~M~, ~~$~~ff~~~~~~M, ~~~~ 

~m~Mfilff~~.~~~reB~m~~~~~~~. m~~~~~~~~~'ELmR~tt 

~~~,~~tt~~~~*~~~~~. 

iv #I 1 o 1, ttt#HiY5(ffl? • A s{}tlA~tl~{'F, tlA~tl~{'F ffl r~1f i:g:~$~~ s{}tl 

~~00~2~~.~A~*~~PT~~~*~~, $~~A'E1mR~tt~~A,~~ 
tt~~A~m~~~~A.~~, ~#~AA~~@~m~tt~~~.~tt~@~m~tt 
~~~~m~filfftt~.M~, R~tt~~Afflrtt~m~R~.~~tt~~AfflT~~ 
$~~' iJU~P":iJP D ~"~~"* D ~"~. i:g:~tiB5itlAffl T~~fil:1:mi:g:~$~~JJ)Gm::1:mi:g:~ 0 
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W~IM,~~~ffl~A~*~~M$~~A~~*§~tt~~A, $~~A§mR 
~tt~~A, ~gtt~~A~m~~~~A· 

~~~~~~ffiLm~~~$~~A~~*' ffl?~ffl~*~M~*~~~*$~~ 
A~~§~tt~~A, ~§~tt~~Am~~L~-#~A~~ff-#~A· 

~~~*§~tt~~A~@~§~m~tt~~~. 

~~00~3~~,R~tt~~A~@R~tt~~~.~gtt~~A~@~gtt~~~, 
m~~~~A~@m~~~~~.~~~ffl~A~m~tt~~~~oo~~@~*' ~~§ 

~tt~~A~@~§~m~tt~~~.M~, §ffl?~*R~tt~~A~, §~m~tt~ 
~~~R~tt~~~. §ffl?~*gtt~~A~, §~m~tt~~~~~gtt~~~. § 
ffl?~**~~~~A~, §~m~tt~~~~m~~~~~. 

W#l 103, ~tft/m~!!Xft$~~s{]ffi-fg:~. 
ffi-#~~~A, ~~~~ffi-~~A•A~ffi-m~. 
~~~4~tt~~R~~ffi-~~A-A~ffi-m~.~~~4~~ffl?(~ffl?m 

~~ffi-~~A~~-A, *m~~~~A)•A~ffi-~~, ~ffi-~~~~~m~~ 

~1t. iYU~D, i~ffi-~1tm~~-8*~1t. ffl?fr-¥ifflJ#lJL,8*":3f~t~tLl"~tB, -¥iffl 
t:iY5(tLli~ffi-~1'FFo, :3f~t~tLlffl?•As{]i:g:~, i~i:g:~1'F~ffl?$r1H&:~Ht c~~:£1) 
s{]i:g:~ cepffi-i:g:~) . 

ffi=#~~~A, ~~M*~~~x#~~*ffi-m~. 
~~~4m~M*~~~x#~~!!Xffi-m~.~~~4~~mP•A~ffi=~~. 

i~ffi=~1'F~~1fi:g:~x1tf:s{]~1'F O iJU~D' ffl? fr-¥ifflJ#lJL,8 *"~11X1tf:"~tB, -¥iffl 
m~~ffl~ffi=~~~~~~*~*~~*' ~Fo, ~~~4~~mP•A~ffi-~~. 
~ffi-~~m~~*§~m~, ~~~4ffi~§~m~~~m-m~. 

w~1~,~~~I1Xffi-m~~~film~. 
i~t~1-iE11t~,m~~ffl~t@1$.1iUif *~(mel frequency cepstrum coefficient, MFCC)t~1-iL 

~~.~~film~~~•Fo~ffi$.wG~fil.*$~~~M~,~m-m~~~film~~ 
PPG t~1-iE~1Jufilff~S}j O PPG t~1-ifts'i~s{]~i:g:~~0?Jrxt@~·~~~~~·ifl!f-¥8{]:::k1J\, 

ffl§~~~•filff7m~, ~wG~film~~mm-m~~~~m~. 
W#l 105, ~tft/m~~ffi-i:g:~s{]t~1-iEf~L~,-AJLl § 1i$~~iflAxt@s{] § :tii:g:~$~~~ML 

~tt§~m~tt~~~•llitt~Fo~ffi=m~. 
ffi-#~A, §~m~tt~~~~R~tt~~~.~Mtt~, ~~~!!Xffl~~!IXR~ 

t~1-iES{]ffi-i:g:~, ~Fo, ~~~ffi-i:g:~-AlLlR~7J\.~:tJ~, ~ttR~7J\.~:tl~7J\.~ffi­
i:g:~s{]R~t~1-iE; ~Fo' ~~R~t~1-iEJfOffi-i:g:~s{] PPG t~1-iE.AJLJi:g:~;:1iif:tl~Jtl:ff;:llif, 
;rB z11f 1$" - 'E.:rr. 
IV~~?R- l~ I=! 0 

ffi=trriflA, ~~ffi-i:g:~s{]t~1-iEf§ ,~,-AJLl~ § $~~~ML ~tt~ § $~~~it.lliffi 
=m~, m-m~~ffi-~g~m~, m=m~~m=~§~m~. 

ffi-trfi:tlA, ~~ffi-i:g:~s{] PPG t~1-iE.AJLl1lAxt@s{]i:g:~tiB1HJ~, ~tti:g:~tiB5i 
~~~ili1$i-~:rr. 1$"-~:rr.~~~~~:rr. 
'(:r;:'.=f=:.··mUw?R-l~ 1=1, ?R-l~ I=! /~Jl.!._),c,1/Jl~ I=! 0 
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~A,m~~fflfflP~*~~A~ffi-m~filff~~.M~,~ffi-m~~R~filff~~' 
~ffi-m~filff~~tt~, ~~ffi-m~filffm~~~~. ~~AF~~~$~tt. 

rf--. jJ!fj( 106 /,h -'Ulf£!c,. LlJ kk - '£..I£. 
ZJ7':l}'R , ~~!lfffi-mU W~- l~ I=! o 

~~~tt~Fff•llitt~Fo~ffi=m~. 
*$m~~M~, ~~7$#m~~*~~A, ~R~tt~~A, mr~ffi-m~fil 

ff~~R~tt~; ~~tt~~A, mr~~~ □~~* □~; m~~~~A, mr~~* 
~~~; -#~AA~~@~m~tt~~~' ~fflffl?~~*' ~A~@~m~tt~~~ 

m~~ffi-m~filfftt~, M®~~AF~~~$~~. m~mP~~@m~~~~*· 

m~00~4~~. *$m~~M~~T-#m~tt~~~-~~~M, *~~M~tt 
xt R~$~~tlAfilff~S}j, epxtffi-i:g:~filff R~$~~filff~iJHi~S}j. tlA7'JR~$~~ 
~A, §~m~tt~~~T'JR~tt~~~. 

iv#l 401, ~tft/m~!!Xft$~~s{]ffi-i:g:~ R..ffl rtl!IXR~t~1-iES{]ffi-i:g:~ 0 

*W#I~~tt1m~I1Xffi-i:g:~s{]~1tm~1~ ~ 1 xt@s{]~~-wu ~ s{]:tiJ#J 103 s{]~S}j, .tit 
~~~;£. 

~tt/m~!!Xffi-i:g:~s{]~A: 
ffi-#~~~A~, ~~~~ffl?•A~~*~*~~, ~~~ffl~*~*~~~* 

§~~*~@~m~, ~Foffi~§~~*~@~m~~T'Jffi-m~.M~, §~~*§m 
19 ~ [(B ';'c'" EE -f:.~ .crr. ft't " "----1-r-f:.* .crr. ft't " ",'is2 ft't -gg .crr." 1J',: 1J',: 
1- / I ' I"~'( /'J- 71 '.J1B I=! .'/-... ' _'.:,(., '.J1B I=! .'/... ' {Ja'a( Y ... I I=! -----, -----, 0 

m~~. ~§~~*mm~T'J-~~~.fil-W~, ~~~4~~~~*~*~~. 

~tft/m~4tl.zffl~tltJz~tl~1'F~tl~tltJzxt@s{] § tii:g:~ 0 -WU~□' "i~HI~ 3:!"~JJIJrs{]~ 
tltlz5"U:~§t15":tl~ 3:! A", ":ti~ 3:! B";fD":tl~ 3:! C"~. "J(1!~ 3:!"~JJIJrs{]~;tJ;tJzJLl:~§ 
t15":tl~3:! D", "11~3:! C"~. "~3:!F~"~JJIJrs{]~;tJ;tJzJIJ*§t15"~3:! D", "~3:! F"~. 

,fylj ~□, ffl? ~ 11"11~ 3:! A", ~%, ft/m~ 4 tl.zffl ffl? •As{]~ tltlz~ tl~1'F ~ tl":tl~ 3:! A" xt 
@~m~~T'Jffi-m~.~~~S}j~~' *~~M~§~~*.&~~*~~M, ~~*M 
~S}j' Jf~m:}J)G~~;Eo 

ffi=#~~~A~, ~~m~~~ffi=~~A-Affi-m~.~Mtt~, ~~~4~ 

Y5(ffl?.As{];tJ;tJz~tl~1'F, i~tltJz~tl~1'F~tfs{] § titltlz~"1f~Ai:g:~", ~tt/mm ~ 

~~ i~" 1f ~ A i:g:~,, xt @s{] i:g:~ 11: 7'J m - i:g: ~ . -wu ~□ , m P itm" 1f ~ A i:g:~,, ~ r91 , ~t t/m:3f 
~~~ffi-m~, ~ffi=~~A~~ffi-~~A~~~1f~A. 

m~~. ~ffi-m~m~~ffl~H~a*~~~~~~m~.M~, ffi-m~m~~ 
~~~~~~~~~F~(~~A~F~, ~~~~~3:!~F~).m~~' ~ffi-m~ 
mm~~ffl~fA~Lr~Fo, 1iHtlJ~tft/m~4S{]i:g:~. 

iv#l 402, ~tft/m~~ffi-i:g:~-AJIJi:g:~t~1-iHl!!Xtl~, ~tti:g:~t~1-iHl!!Xtl~tt!!Xffi 
-m~~wG~fil,wG~filmr~Mffi-m~~~~m~. 

m~I~ ~ s ?Jr~, ~tft/m~~ffi-i:g:~-Ai1Ji:g:~t~1-iHl!!Xtl~, ~tti:g:~t~1-iHl!!Xtl~ 
~!!Xffi-m~~wG~fil.~Mtt~,m~~fil~!IX~~m~T'J~~~~~~,m~~fil 
tl!!Xtl~§13-$~S{]~;fR~, M~ LSTM ~;fo-~~~ti~, i:g:~t~1-iHl!!Xtl~-lliffi-
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i:g:-tr s{] PPG t~{iE' PPG t~1-if ts'i~ s{] f1[::i:g:-tr~0}1Jrxt fI-trjt~ qJ ~~-trjt11!f $ s{] :::k1J\' if§ 3 T 
~-trjtfilffTm~.~wG~filmr~mm-m-tr~~~m~.~m-tr~fil~~~~ffl~ 
i'IHlis ::;k; s{]i:g:f4 filff iJI[ ~ffff flj s{] 0 

*~~MqJ,~fflWG~fil~~ffi-m-tr~~~m~•A,~®*-tr•~(-trjt)~ 
ffi 7 i:g:-tr S{]i:g: ~pfrJi:g:-trf1Ll~L 1fffl PPG t~{iE:t§ b~ § i}Ji:g:-triRJJLltt* C automatic speech 

recognition, ASR) £~~ti:1J□~ 1ftL ASR tt*rm~~~~i:g:-tr$~~JJ~tt*, ti:1J□ 7 i:g:-tr ~ 

~iRJJIJffi~S{]1l!f$, *~~,fylj qJ, imtt1tffl PPG t~{iE1'F~ffi-i:g:-trs{] ~ ~i§ -~,-A, ep][ 
~m~~~m-tr•A, ~rm~tt~~~*~~. ~~~~~~•tt. 

iv#l 403, ~tft/m~~ffi-i:g:-tr.AilJRti7J\.~tl~, imttRti7J\.~tl~7J\.~ffi-i:g:-trs{] 
Rtit~{iE. 

Rti~fil§mffi-~fil,ffi-~fil§m$~~~fil.M~,ffi-~fil~-trB~fil, $ 
~~t~1-iE§t1fif>JW, :ic:-trlrH:g:J!~. 

Rti*~~~fflr*~ffi-m-tr~Rti~fil.~Rti*~~~§m-trB*~~~.~ 
-trB7J\. ~tl~ffl T7J\. ~ ffi - i:g:-tr s{]-trBt~{iE' NdnHf fljffi-t~{iE s{] rPJ;. ( eP-trBt~{iE rPJ 
;). 

m~~,Rtitt~~~~§m$~~~fil~~~~H$~tt~~~~.~~ffiffi-m 
-tr•AJU~t~1-iHl~1J~, imtt~t~1-iHl~tl~tl~~t~1-iES{]rPJ;. iJU~□, $~~t~1-iHI 
~~~§m~w~~~~. :m:-tr~~~~~mJ!~~~~.M~, ~w~~~~mr~~ 

ffi- i:g:-tr qJ s{]~Wt~{iE, 1f JIJ~W rPJ;. 0 :ic:-trtl~tl~ffl Tti~ffi- i:g:-tr qJ s{]:m-trt~{iE, 
1i JU :ic:-tr rPJ;.. i:g:J!:tl~tl~ffl rtl~ffi - i:g:-tr qJ s{]i:g:J! t~1-iE, 1i JU i:g:J! rPJ;.. 

~~. ~~~~mP•A~$~~~filqJ~~~~fil~&m.-~~MqJ, ~m~m 
•~~~~w,mJ!~:m:-tr~~~~. mPm~;mtt~~~~~fil~~~~~~~*•A 
~~~~fil~fI~&m.~~~~fil~fI~&:m:m~~fflmP§a~rm*~m~~.M~, 
~~"~W"i&~ 10%*~:ldt•t±:I s{]i:g:-trlE~ § titltJzS{]~W~ 10%S{)if§1~1t, ep~~-~{!l~ 
o.1~~~~~7~B~~~fil~~~~. 

~-~~MqJ,ffl~reBA~~~.M~, m~*~-~~~.~~~~qJ~~~fil 

~&:m:~~ffl~~ffiffl~reB~~.M~, -~qJ, ~w~&:ic:~0.l, mJ!~0.2, :ic:-tr 
~ 0.1. =tlfrqJ, ~Ws{]i'X:ic:~ 0.2, i:g:J!~ 0.2, :ic:-tr~ 0.1 ~~. ~tft/mimMtiY5(ffl?•A 
~~~Mffi~~~~~fil~fI~&:m:.*~MqJ,~rm~ffl?•~~~~~~~fil~&:m:, 
ffl? ~ rm~~111~1iz:epm, 7'fif:ffl?~1'F. 

~~, ~~~fflffi-~fil~rPJ;, ~~~~fil~rPJ;H~~~~fil~&:m:~~ffi-m 
-tr s{] Rtit~1-iE. 

~~ffiffl?•A~~~~fil~fI~&:m:~~~~fil~rPJ;ffl~.ffiffl~~~~~*~ 
ffi-~fil~rPJ;C~-trBrPJ;)~~-A$~tt~~~qJfilfftt~~~, ~ffl$~tt~~ 
~-tBRtirPJ;, ~RtirPJ;~m-m-tr~Rti~fil.$~tt~~~~~ffl~~~~M~ 
~~~~oo~~~fil*~' ~~~~M~-~OOqJ~-~~~fil~OO, ffl3-yffi~-~oo 
*M, ~~~~~-~~~fil~OO.$~tt~~m~ffl3r$~~~ffl~~tt~~m~, 
M®~ffl$~tt~~m~•tB~~*§*ffi-m-tr~$*-trB.M~, $~tt~~m~• 
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tB s{] fa tiJ pJ ~ 7'J - ~ 25 6 tis{] Rti itxA [PJ;. ( Rtit~{iD 0 
*~~M~,~ttmP•A~~~~fil~@~&m, ~~~tt~m~~Rti~ffi-m 

~~ffl~&, ~ffl~~&~fflP•A~&m~~offlPPT~~*~~-A~&m,~fflP 
~*•A~&m, ~-~-tB~m~Rti~ffi-m~~ffl~~&~-A~&m~~o~ffl 
P~*~*~-A~&m, ~-~-tB~m~Rtiffi~ffi-m~~RtiC~~~,Rti~ 
~~T'JM)~~ffl~offlPPT~~tt~~-A~&m, ~m~~~tt~m~~Rti, tt~ 
*~~Rti~PT~~ffi-m~~Rti~~ffl~,*PT~frffi-m~~Rti~~~Lfilffa 
~' Ndm ~JJJi'At $~ ~ rg:~ s{] Rti $ tMt O iJU ~□ ' i~ $~ ~ i:g:~ s{] Rti pJ ~ 7'J ~ - 1ir" i~HI~ 3:!" 
s{]i:g:~ Jxlti; ~~, PT ~7']~-1ir"J(1!~ 3:!"S{]i:g:~ Jxlti; ~~, PT ~7'J1f~As{]i:g:~ R 
ti' rfjj _§j~ pJ ~fr" i~HI ~ 3:!"' "J( :ti~ 3:! "~ 1f ~As{] i:g:~ R tis{] ~utfl Lil 1T r'J: ~' fA rfjj 
PT~ ~JJJili i:g:~ Rti s{] $ tMt o 

iv#l 404, ~tft/m~~ Rtit~{iE;fO PPG t~1-iE.AtLli:g:~;:lliftl~filff;:llif, 1f JLlffi= i:g:~ o 
JFiYHis{], i~i:g:~;:lliftl~T'Jseq2seq1,i?:~it, ftseq2seq1,i?:~it ~ §I Afi~n:tJLtLl o 

~ ~, i~seq2seq1,i?: ~ it~t15ffi~~ m, t~~~ m ;fOfi~ jJ fatiJ o ffi~~ m ;fO t~~~ m S{];j;j~ pJ ~ 

*ffl1f~1,i?:~ittl~s{]tilif o iJU~D, ~tt~;fJU,i?:~it Cconvolutional neural networks, 
CNN) , 1rn£f1,i?:~it (recurrent neural network, RNN) , tJHJtJHci'~l~it Clong short-term 
memory, LSTM) ~S{]1f~;frp~1f~pij;frfis{]tilif~~o iJU~D, *$-if~, i~ffi~~mPT~~ 
13-- ~~;fRm;fo-~~[PJLSTMm O PPGt~{iE1t7t~-Affi~~m' ffi~~m~~-AS{]PPGFfJU 
ffi~~-~~~-&~fPJ;, ~r-Aff~*&PT~~*' aM~~-~fPJ;~~*~* 
~s{]f~Ui~L [;is]rfjj§I A 7fi~n:tJLtLl O ~Fo' Rtit~1-iES{][PJ_;.~ffi~~m•tB S{]PPG[P);fr~ 
&L#Hi, 1iiLlfi~n•A~§J$0 ~Fo' ~~~~fi~n•A~§J$-~0-~0t1~J!Afi~jJ 
~~~,#tt~n~~~ffi~mreif•t±:lffi=m~~-~C~*PT~~T'Jffi~~~)~filo 
-~~~~fil7'Jffi=m~~~fil*JF%~ofrffi~~*Fo, ~ffi~~~~-t±:\[PJ;filff~ 
~ s{]1Jo:t21t iu~T fPJ;., ~~ fPJ ;xt@-~• tB, JA w 1iiiE T • tB rt: Ju ~~1:&:tli5~$ s{]• 
AFfJU, W~xt•Art:JLl~J1JrJl/H~o 

r f--. jJ!fj( 405 /,h -'Ul l£!c,. LlJ kk - '£..I£. 
ZJ7':l}'R , ~~!lfffi-mU W~- l~ I=! o 

~-~~~~filT'J~OO*JF,ffi~~~m~~*T•tBm~~m~.~~~H~ffl~, 
~~~ttm~m%tt~7'Jffi~~~~~M~o*$m~, PT~~tt~~ff~ttffi~~~~ 
~~~fil~~pJffl~~~~~#o~~~ffpJ~T')~~~~~~ff, ~~~~~ffi-~~ 

filtt~T'J~~~&~m~m%o~~~~$~~~m~&~~m~~, -~-t±:\T'JPT~ffl 
~~m~om~~~~~~ffi-m~ffl~, ~~Rti~ffi-m~ffl~o~~~PT~H~ffl 
~ffi=m~oPT~~, fflPPT~~*~~~ffiffi=m~o~fflP~*~ffi~ffi=m~, ~ 

ft/m~~ i~ffi = i:g:~filff 1¥1ii 0 
*~~M~, ~~~~~tt~~m-m~~mr~~Rti~fil~ffi-m~, ~Fo, m 

-i:g:~-AtLli:g:~t~1-iHl~tJ~, ~tti:g:~t~{iHl~tl~tt~ PPG t~{iE, PPG t~{iEfflr1i 
ffiffi-i:g:~s{] ~ ~f~Ui~L ~tt PPG t~1-iE~JJJifii:g:~s{]H1t•Ao ~tft/m~~ffi-i:g:~-AtLlRti 
*~~~.~ttRti*~~~*~ffi-m~~Rti~fil,.Fo,ffiRti~fil~WG~fil­
AtLli:g:~;:lliftl~filff;:llif' 1tiu;:llif Tffi-i:g:~ ~ ~;fOffi-i:g:~ Rtis{]ffi=i:g:~ 0 ffi-
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m~m~~ff~A~m~, M®~~ffiffi-m~tt~~ff~A~m~R~, ~~m~R~ 

$~ ~ s{] $ tHi o 

a-~@ffl~~~'*$m~~m~~~~~~~~Br@ffl~oM~,~MPm~ 
Jgepatimifl~S{] MP, ~~' AF~1t MP, AF~1t MP m~@fflT)R~~)R1is{]:1:m 
~~oM~,ffl?m~imtt~MPffi~~~~m~filff~~oft)K~)K-~~~,ffl?~ 
ffl~~)K~~m~~ffi~m~~~~Fo, m~imM*~~ffl~~MPffim~filff~~o 

m~l~l!l 6A ;fO 6B ?JTJF, ffl?imtti~ MP filff AF~1ts{]7'fi!m~'E1A15: 
n , m P ,8 * m •_ts{]"* ~t )R tu,,~ tB Fo , ep m )K tu § ei$ riHt~~ s{] i:g:~ c ffi-i:g: 

~) o ~~, ffl?mm~,8ttr"½ttlx1tf:", ~FoJ,A*rfilX1tf:~mJlti:g:~fFJgffi-i:g:~o :ff 
il m ~~~ B ~!\XtUffi-i:g:~;mtt~t@UBz% ~JF tB * o 

2) , ffl?fr~ffi~J&1i§1i1l1lz, ePJ&1lffi-i:g:~o 3ffl?J&11"1n~3:t F", "~:ti 
~ 3:!"~"J(1!~ 3:!"St, IJ!U,JiA.1iffl ~tft!m ~ Bi?:1iff S{]i:g:~ o 3ffl ?J&1i"1f~A i:g:~"at, 
IJ!Urm~imttffl? ,8ttr":3f~t)RtU"~"J&1lX1tf:"~tB, ~~1f~As{]i:g:~$tuAiU MP~ o 

;;ff ffl? ,8 m":3f ~t )KtU"~tB, IJ!U ~%, ft!m i& ~:3f ~t)RtHf ~As{] i:g:~, ep ti Y5(ffi = i£ i! A 
$tuAS{]ffi-i:g:~ 0 :;ff ffl? ,8 ttr"J&11X1tf:"' IJ!U~tft!mi& ~ fA*rfilX1tf: ~J&11 Bi?:1iH s{]ff~ 
As{] i:g:~, ~~ i~ i:g:~ fF Jg ffi - i:g:~ o 

3), ffl?fr"R~:t§1~1tififl11"rJ&1l$tuAR~t~1-iEi'JUi Cfilf~Jg"-=ft~1-iU£:ic:") o iJU 
~□, ~~"~W"i&Jg 20%*JF~~t$tu tB s{]i:g:~JE~ § :ti:tl:tJzs{]~W~ 20%s{]:t§1~1t, app ~JJJili 
~~-~1t7'J 0.2 s{]~~ 1t~ 7 ~ Bs{]1E!1i?:~it:tJ:1t1o ~~. ~~"i:g:J!"-i&T'J 3o¾*JF~~t$tu 

tB s{]i:g:~JE~ § :ti:tJ:t1zs{]i:g:J1~ 3o%s{]:t§1~1t, ~~ ":m~"-i&T'J 4o¾*JF~~t$tu tB s{]i:g:~JE~ 
§~~*~:ic:~~4~~ffl~lto rm~i£~~~, m~11~R~~fil§m~~~r~~­
~~-~*-~~~o~~, ~~§m~~~r~W,mJ!~:ic:~o 

4), ffl? ,8 m":3f~t~1t"~tBFo, iv#l l, 2 ;fO 3 s{]$tuA~~~at$tufil MP ~ Is{] B iJI[ 
~~~*~~~~~~~. ~ttm~~~~~~~~~~Fo$tutB-R~~~~m~cm= 
m~), ~m~~~~ffi-m~~~~ffl~, ~m~~R~~§~~*ffl~,ffl~~lt~ 
ffl r $tu As{] R~t~1-iU£:ic: 1R 5E o 

5), ffl?fr MP ~Wm ~~iu~~~S{]i:g:~i,&:%, ~at~~":t!JJ)(", "1iHX1tf:";fO":ic: 
ffi)RtU" - ~~tBo 3ffl? ,8 m":t!JJ)("St, i~~~~S{]i:g:~ Cffi=i:g:~) ~~imtt-¥i'Jls{]13JF 
~:t!JJ)(tt\*o 3ffl? ,8 m"1iHX1tf:"at, ~tft!m~~i~~~Fos{]i:g:~ Cffi=i:g:~) 1iHtU*rfilo 
3 ffl? ,8 m":ic:ffi)RtU"St' ~tft!m:3f ~tfilff :ic:ffi ~~' ep @I JUiv#l 4 0 

~_txtR~t~~~itR.@ffl:l:m~filff 7 i£~ o rffixti~R~t~~~its{]iJ1f ijJfoJ!ffitt 
fifilffi,£~ 0 

R~t~ ~~it§ 1t - ~$ 7]\. s{] 1, i?: ~it, i:g:~t~1-iE tt!IX $ 7J\. c ep i:g:~t~1-iE tt!IX :tl~), 
R~7J\.~$7J\. c ep§t15R~7J\.~:tl~- $~di~n~atiJlO$~-=ft~1-iEtl!IX1J~), i:g:~;:ll 
if:tl~o 
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~~00~7~~, ~7~ffiB~~*~-A~ffl~~~, ffl5$~*~~~£ffi~~ 
~.R~tt~~~~, R~*~~~~m~~fil~~~~~~~~~£ffi: 

R~7J\. ~ fl~ ~tm7t1f ffl A;~~ 1£ i! As{] i:g:~~ffl iJI[ ~jff s{] 0 ep R~7J\. ~ fl~ s{] iJI[ 
~j~ffl~ § tEA;. ~ ~ i£ i! As{] i:g: 14 c ~ ~ s{] As{] i:g:~ A~~~ s{] ~ B t~{iE), ;mtt i~ iJI[ 
~j~xti~R~7J\.~fl~filffiJl[~j, 1iiUR~7J\.~fl~. i~R~7J\.~fl~~~~!{f~~ttrs{] 
~~£ffi. 

i:g:~t~1-iEtl~fl~~fm7tjmjj:j(;s{]i:g:f4i)1[ ~jff s{], iJU~D, iJI[ ~j~ffl~ ~§tts{],W* 
~ffl~-A~m~.~~~~-Am~~WG~fil.m~~fil~~~~fflr~~WG~ 
fil, ~*~~fil~~~~~~~!{f~~~~~~£ffi 0 

ff~~ttr ~ ~* 7 R~7J\.~fl~l□ i:g:~t~tLEtt~fl~z:.jr, ~1ms{]fl~ ~~ff~~ttrs{] 
iJl[~jJfD£ffi. 

~~00~7~ffl5$~~~tt~~~.~~' $~tt~~~,~~~fil~~~~' 

Seq2seq 1El3i?:~itr C §115~~~~, t~~~~R.fi~niafiJ) ~, ~~iaf1Jt~PT~~-~1El3i?: 
~ttr, ~~1El3i?:~i4fpJ~§t15$~~;fR~, ~Jiti~, LSTM ~~iafiJ~, rfjj~~s{Ji'JUi 
~~\w~JfilTIA;S{]~ffliJl[~j:ffflj. 

*$~~~rR~tt~~~~£ffi~~~~$~~z:.~ar: rnr*$~~R~*~ 
fl~Jf□i:g:~t~{iHl~fl~ E:J?:~fm7ti}[[~jPfs{]' ~~~~itr£ffi' ep~fffl~~mR~7J\.~ 
fl~s{]iJl[~j, rn.tlt, -A~fi~~fffl~~~* pg ~S{]pij1}i:g:~ (pij~~~ s{]A i£S{]pij1}i:g: 
~ ), fLzj(s{]~y 7,W*~ffls{]~;. fi~;mtt~1rnt1wlfD-t~~Cshort-time fourier transform, 

STFT) ~f!1ffljffi-1Ft~t~1-iE, ~~i:g:~-AilJR~$~~~itrFo, ;mtt*~itrs{]•t±:l~ffi= 
ffl~t~{iE, ;mttb~xtffi-1Ft~t~1-iEJf□ffi=ffl~t~1-iHfflj loss 11JfD,fJ,lt, *~itrs{]•t±:1~­
A;mtt STFT ~f!1iiiJS{]ffl~t~1-iE:ittff b~xt1fflj loss 11R.~i'Jlt, ~ 7 ~ffl5$~~i'Jlt 
~~~~, §Wlt~ttffl@~~~, ~~~~~~~~filff£ffi, rmR~*~~~~m~ 

t~1-iHl~fl~~tm7tiJl[~j:ffiU, ~iw~~~*~itrs{]~~£ffi. Loss 1f 1'F~*'lWl~itr1PJat 
f~JtiJl[~jS{}t~fi, § loss 11r~~JU-5E1f, £l3cSJHHl~ir~~~~at, i,£S)j~itrBY5(.@J:, 
ep pJ f~ Jt iJI[ ~j. 

ff~R~$~~~itr~1fi:g:~~1ts{]~~jJ3tf)t~;mtt1tfflR~fi~ c ep•A~fi~~~ 
-1}i:g:~ Ff JU), ~;frp ~it~ ;J~J't~r3c~~~ ;J~J't, J!HTIJC~~~;J ~:r'tiJI[ ~js{]R 
~tt~~~,PT~~~ffl?~~~~~~~m~~~~~lt3tPTffl~~~i£~A~i£~R 
~. 

~~OO~s~~, *$~~~M~~7-#m~tt~~~-~~~M, *~~M~tt 
~~gtt~~:rt~m~~~~:rtfilffi£S)j. 

~gtt~~~§m$~~gtt~~~. ~~. ~gtt~~~fflr~•A~m-m~fil 
ff~gtt~.m~~~~~fflrffifil~m~tt~~~~m~, ~~*~~~. 

$~~ g$~~fl~~d>§t15M~, ffi-~~~ □~, ep~~~ g$~~~1ft;mi!. iJU~D, 
[QJ1li!$~~~1ff;mi!. ffi=~~:iJD □~, ep~~1ff;mi!$~~~~ g, iJU~D, 1[f;mi!$~~~[Q 
J 11 i!~. ~~~ g t~~fl~7J\.JJUttxt~ ~ s{]ftt~~~ g. ~ g $~~ PT ~±iB5i~ ~tt±im P 
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~~~~~tt, ~~m~tt~~$~~.$~~~~~.~~~~*7~~filfi~Mtt~ 

~. §~am~~~~~. mm~ffi~~~gtt~~~filfi~~~m, M®filfi~#~§ 
z:Js] s{]$~~' iJLl ~□' ~~ [[j) I I i!$~~p)G) * i!' m ~~~~ [[j JI I i!$~~P>G-WJ!H i!' ~~~-WJ!H i! 
$~~P>GJ*i! 0 

iv #I 801 , it ft#Hi Y5( ffl?. As{] ;tJtt;~ 11 ~1'F . 
M~, ~~~ffl?~ffi~~~~m~~~~~~~~A.M~, ~~~~Am~§m 

"~ g tJJ~tlA"JfD"i:g:~ti55i1lA" 0 i~tl~~11~1tm ~7'] ,8 ttr~1'F' 3 ffl? ,8 m"~ § t)] 
~tlA"at, IJ!Llffl?~1i~ g tJJ~~~tlA. 

iv~8M,~~~~ffl?·A~~*~~. 
m~~' 3~A~*~~fflr~*~gW~~A~, ~A~*~~(ffi-~m~~~ 

~)~m~§m~-m~cm=~m~~~~)~$~~*~~.M~, m-~*~~~ 

m=~11~1i. i~ffi-~11~1tmr~1i"~ □~", wm=~11~1tmr~11 "1J□ □~". 

~-~m=m~s{]~1tx.~§1t$~ffi- m~s{]~1t. a-~gm:1:m~~, §ffl?~1i" □ 

~~gt)J~"St, ~t±:\JJli'i=~7J\.~"~D~", "1JDD~"~J91. §ffl?~11"1J□□ ~"St, itft/m 
S{]ffl?~ffix.~~~~~rfil~ D~~r91s{]-~7J\.~ti~. iJLl~D, "[QJII D ~,,, ";* D ~,, 
~.~~~~~mP•A~ffi-~m~~~*~~. ~m-~~. m=~~~.~~. m 
-~1'Ffflr~1i~~[[j}lli!$~~P>G-Wimi!, ffi=~1'Ffflr~11~~1ftimi!$~~[[j}lli!~. itft/m 
m~~fflffl?•A~A~~~~*~fl~~gtt~~~. 

iv#l 803, itft/m~~ffi-i:g:~s{]t~1-iEf~U~,-AfLl~1l~1'Fxtfis{]~ g$~~tl~, imtt~ 
*~~~g~~gtt~~~-t±:lffi=m~. 

m~00~9~~,3~A~*~~fflr~*~gW~~A~,~~~ffl~A~*~~' 
~~ PPG t~:fif.AiLl~ § tJJ~tl~ (seq2seq 1El3i?:fxxJMD, imtt~ § tJJ~tl~-tBffi=i:g:~s{] 
•~~fil%A,~Fo, ;mtt~~rxxJ~~~ffffiffi~~filtt~P>Zmffl~~*~*A·ffi-m 
~~--*~M~~ --~~~--*~M~~ 
1=1 /~~ /.J 1=1 J:J'Jl~ 1=1, ~-l~ 1=1 /~~-/.J 1=1 J:J'Jl~ 1=1 o 

m~tfil, itft/m~~ffi-i:g:~-AtLlRti7J\.~tl~, imttJxlti7J\.~tl~7J\.~ffi-i:g:~s{]R 
tit~{iE, 1iiLlffi-i:g:~s{]~5t~1-iErPJ;. ~Fo, ~~ffi-i:g:~s{] PPG t~1-iEJf□ffi-i:g:~s{]~5 

t~1-iErPJ;•AiU~11~1txtfis{]~g$~~1J~, ;mtt~11~1txtfls{]~g$~~1J~•t±:1m 
=m~.~m=m~~~~•Am~cm-m~)ffl~, H~mT•Am~cm-m~) 
s{]~i!Rti. 

$~~~8{]~, *$m~JJW:1JLl~, ~§T'J"rfil~i:g:g", iJLl~D, [QJlli!, ;*i!~~. 
®-wimi!mT'J~ § s{]-;frr, ix i:g:~, -wimi!~ ~:1~;1n:g:~T'J1i11t~, m ~~t~T'J ~:l~~i! 
T']~utfls{]~ §, epa*$m~, -wimi!T'Jm~ § s{]-;frr. 

~iYHis{], m-~g7'J[[jJ111i, m=~§T'J-Wimi!. ~~. m-~g7'J1ftimi!, m= 
'~~ITTIJil'+ -;c;t;-=!l'- -- '~~±--Jt;'+1J',:1J',: l=li*r'r!-t --l+rrm,_,___,_ '~+n-- '~ 

7fa/~l'-':I 11':l, .9-)(.cB, ~-7fi=:i/~~...Ju1J':l--tj-"--tj-", ~V-t"J:l'J, 7T/l'l"~'()E_~-7fa/l'l-l~-7fao 

m~OO~I0~~. ~gtt~rxxJ~§mN~~gtt~~~' ~~~gtt~~~*~* 

~~~~~tt~~g, ~-#~gtt~mA~~g~~~.M~, $~~gtt~~~~~ 

ffi-~ g$~~tl~fflr[QJ1li!$~~7'J-Wimi!, ffiffi=~ g$~~tl~fflr~~1ffimi!$~~7'J; 
*i!, ffiffi-~ g$~~tl~Jf□ffi=~ g$~~tl~s{]ff~tl~m~~~[QJ1li!$~~7'JJ*i!~ 
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~.*~M~, ~~ffi-~g~ffi=~gfilff*M~~, #~~~~*$m~~~. 

m~~,3~A~*~~~g~~A~*~~~~A~,~~ffiffi-m~~WG~fil 
.AiLltlAXt @s{]i:g:~tiB5itl~' j!)[jj:i:g:~tiB5itl~- t±:lffi= i:g:~' ffi-i:g:~~fil:1:mi:g:~' 
m=m~~~~m~.ffifil~m~tt~~~~m~,M®~~*~~~.~~T@m~~. 
~JJJili i:g:~$~~ s{] $,W1t O i:g:~tiB5itl~~imttiJI[ ~ffijJJis~ ~ s{],W*~11Jlisfilff ~ ;J 1f JLl s{]' 
**~ffl§m•A~~~. •A~fil~m~, ~~~~~*~· 

m~tfil, ~~p)Tj£ffi-i:g:~-AtLlRttn\.~tl~, imtt?Jr3£Rti7J\.~tl~7J\.~p)rj£ffi­
i:g:~s{]Rtit~{iE. ~Fo' ~~ffi-i:g:~s{]Rtit~1-iEJfOffi-i:g:~s{]t~1-iEf~U~,-AfLlJ1Jrj£i:g:~ti 
~~~.;mttm~~~~~-tB~J£m=m~,~J£ffi=m~~~J£ffi-m~~Rtiffl~. 
*~M~,tt~~Fo~m~~•Am~cm-m~)ffl~,H~MT•Am~cm-m~) 
s{]~i!Rti. 

~iJHis{], a-~@ffl:l:m~~' m~l~[!] llA;fO llB p)T~. 

a, ffl? ,8 m":3f Pit~ tLl "~ tB Fo , ~t ft/m )K tLl § 2$ r1B&:~JI s{] i:g:~ C ffi-i:g: ~ ) , ffl? 
film ~-8 m"~11X1tf:"~tB, ~tft/mfA*rfilX1tf:~~!jX-Ri:g:~fF~ffi-i:g:~ 0 m~s{]' ~%, 

ft/mm~~~ B ~!!XJLl~JJP18{]i,Sz%. 
b,ffl?fr~ffi~~**~~Jl~A.~ffi~~-~*~~~.M~, ~-~*~~ 

~§1!"~ g tJJ~"JfO"i:g:~ti55i". §ffl?~1i"~ g tJJ~"at, ~00~~=~7J\.~1i~, ~□ 

=~7J\.~ti~§t!: "~ □~", "1J□□ ~". §ffl?~11"1J□□ ~"at, ~oo~~~~~tt~ 

D~~r91s{]-~7J\.~ti~, iJLl~D: ";* □~", "[QJIID~", "tiJ!D~"~. ~~' ffl? 
mm ~~1l"i:g:~ti55i"tlA. 

C-~~~~fflffl?~*~~A~IIX~@~~~. 
d, ffl?,8m":3fPt~1t"~tBFo, ~~ffi-i:g:~-AB~1lPfs{];tJ~~ CiJLl~D, 1ftimi!$~ 

;* □~~~gtt~~~), ~tt~gtt~~~~JI-R~OOFo, •t±:1-R~Jl~~ffi= 
m~, ~m=m~~~~•Am~cm-m~)ffl~, H~mT•Am~cm-m~)~ 
~~Rti.~~' ffiffi-m~•AB~*~~*~~~~~~.~ttm~~~~~~JI­
R~OOFo, •tB-R~Jl~~m=m~, ~m=m~~~~•Am~cm-m~)ffl~, 
H~mT•Am~cm-m~)~~~Rti.m-m~~fil~m~,m=m~~~~m~. 

e, ~Fo ffl ?fr~~~oom ~~JLl~Jl~S{]i:g:~;;,Sz%. ~~~00~~~~":t!JJ)(", "{~ 
HX1tf:";fO"]~J~JT)RfffLJ" - ~~tB O §ffl? ,8 m":tlJJ)("~tBat' ~JI~ s{]i:g:~~~imtt-¥1JlS{]1m 
F~1IJJ)(tr\*· §ffl? ,8 m"{~HX1tf:"~tBat, ~tft/m~~~JIFoS{]i:g:~{~HtLl*rfil. §ffl? 
,8 m" 1~J~JT )K tu,,~ tB at, ~t t1m :m:ffi xt i~ ffi-i:g:~fil ff ~JI, tlz ffl .tit at~ oo _t m? s{] ~ 11 ~ 
1'F~!!Xxt@s{];tJ~, ~at@IJLl:tiJ#I a. 

rffixt~ § $~~tl~ iJI[ ~j;fO J!ffittf¥filff ~ ~ 0 

m~I~[!] 12 ?Jr~, ~~~g$~~tl~s{]~at1J:t§~, ~~~g$~~tl~t~~ seq2seq 1El1 
i?:fxxJML i~ seq2seq tEl3i?:rxxJit§t!~~~~-t~~~~R.ii~n~atiJ. ~~ s{]~ g $~~tl~s{] 
xt@s{]iJl[~j~ffl~~~' ~~s{]~~~~. iJLl~D, ffi-~g$~~tl~~[QJ1li!$~1[f;mi,!, 
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i~ffi - 7J § $~ ~tl~xt Ms{] iJI[ ~ffijJJis~ qJ s{]~~ ff *~11Jli51~1ti• AJfO :ti~ 0 ~ qJ ' • AT'J 
[QJlli!, :ti~Jg!ji~[QJlli!:t§ ~ pg ~S{]1if;mi! o ffi=7f g $~~:tJ~Jg1ff;mi!$~[QJlli!, i~ 
ffi - 7J g $~ ~tl~xt fl s{] iJI[ ~ffijJJis~ qJ s{]~~ ff *~11Jlis§ tt• AJfO :ti~, • AT'J-WJ!H i!, 
1i~Jglji~1ftimi!:t§ ~ pg ~s{] [QJlli!~~o ~ ~ S{]7f g $~~:tl~xt~~ s{]iJll~ffijJJis~filff 
~~o ~12qJ~-~7J§tt~~~qJ~~~~~~£ffiJtt1T~Mo 

* iJI I ~j 7f ~ £J Rti $~ ~ rxxJ its{] iJI I ~j 7f :rt ~*if§ ~ , Rti7J\. ~ :tl ~ ;fo i:g: ~t~1-iE ti !IX :tl ~ 
E:J?:~fm7ti}[[ ~fj;Pf s{]' ~~!j [xx] it £ffi' ep ~rm~~ mR:ti7J\. ~ :tJ~;fO i:g:~t~{iHl!!Xtl~ 
s{]iJl[~j, EE.tit, :ti~imtt STFT ~i!1iiLlffi -1Ft~t~1-iE, imM*rxxJits{}•t±:\Jgffi[Qffl~t~ 
1-iE, imttb~xtffi -1Ft~t~1-iEJfOffi[Qffl~t~1-iHfiLl loss {1[;fo,fJ,lt, *rxxJits{]•t±:1 S{]ffi[Qffl~ 
t~1-iE£J.Aimtt STFT ~i!1iiLlS{]ffi -1Ft~t~1-iE:ittff b~xt1iiLl loss {1[,&~,fJ,lt, ~ 12 qJ ~ 
~$~JgWlt~~7J~, §Wlt~ttfflfI~~(~ffi~m,tt~~~~M~m)~, ~~ 

qJ s{]~~~~filff £ffi, rmR:ti7J\.~1J~;foi:g:~t~1-iEtl!!Xtl~~fm7ti}[[~j1flLl, ~$~~ 
!j*rxxJits{]~~£ffio loss {1i{1:Jg,1J1$rfxxJit{PJStf~JtiJl[~js{]1~1i, § loss {Jlr~~JLl-AE{Jl, 
il3cS}j 1rHl~ir ~~~~at, i,H,S}j rxxJit t:iY5(.@J:, eppJ f~ JtiJII ~jo 

*$m~~MqJ,~fflx~•~~~7f:rt~!!Xm~qJ~~~,~w~m~~Rti~fil, 
~~~m~~Rti~PT~~~o~rfflP*M~~Fo~m~~Rtiffl~~$~ffl~~A~ 
~~~~. ~~. 7f§tt~~*~~~~flm~~.*$m~~~~~Fo~m~~Rti~ 
~, ~~~~7fg~tt~~m~~~o*$m~fflAifi~tt*Jg~~A~~~~~7-
#£~~~,$•~-~~~£$~7f$o~~ff~A~* □~,~□~~m~~~~~ 

*' ~~PT~~~-A~-t±:l~m~Rti~~~a~o 
* $ m ~~ iYLl qJ , xtr ~:tl~ s{] vir ~*R.£ffi s{] 1JtAi :=t ~PT~ Jg n~ ~~, n~ ~~~~ i~ i:g: 

~ ~~ 1, f:£ [xx] it iJI[ ~fj;Pf Fo' EE~%, ft!m r ~JU *rfilft!m O ~ ~i flffl qJ ' i~ i:g:~ ~~ 1, f:£ [xx] it pg I 
TAPP qJ, ~Di~ APP Jgepa,t;mifl~S{] APP ~o 

~oo~-#m~tt~7f$filff7i£S}j, m~oo~13~~. roo~~jf$flm~m~ 
$~~~I 1300 filffi£S}j, i:g:~$~~~Jl§t15: •A:tl~ 1320, ~~tl~ 1310, ~!!Xtl~ 
1330, •t±:1:tl~ 13400 

•A:tl~ 1320, ffl rtiY5(ffl P•As{]:tJ:i'tJ&tl~{'F, J1Jr~tl:i'tJ&tl~{'Fffl rJ&tfi:g:~ 
$~ ~ s{] :tl :rt; 

~~tl~ 1310, ffl r:t1Hli5J1Jr~-Atl~ 1320 tiY5(S{}J1Jr~tl:i'tJ&tl~{'FJ,A$~1JJ'tqJ 
J&*§~tt~~A, ~~$~~:rt§mR:titt~~A, 7J§tt~~:rt~m~~~~A; 

~!!Xtl~ 1330, ffl r~!IX1t$~~s{]ffi-i:g:~; 
~~:tl~ 1310, ~mrtt!IXJ1Jr~~I1X:tl~ 1330 ~I1XJLls{]J1Jr~ffi-i:g:~s{]t~1-iE1*}~,; 

ffi~~m-m~~~film~•A~~§~tt~~:rt~fI~§~m~tt~rxxJ~,;mtt~~§ 
~m~tt~rxxJ~•t±:ltt~Fo~ffi=m~; 

•t±:1:tl~ 1340, fflr.t±:lffi=i:g:~o 
a-~ PTJ&S{J~JJli'ijfJ'tqJ, J1Jr~~~tl~ 1310, ~ffl r~~?JT~ffi-{§ -~,-AfLli:g:~t~ 

fil~!IX~~,;mtt~~m~~fil~!IX~~~!\X~~ffi-m~~~·Fo~ffi$WG~fil;~ 
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~ PPG t~{iEffl r1iffi ?Jr~ffi-i:g:-trs{] pg ~i§ }~, 0 

a-~m~~~~~A~, §~~§~tt~~A~R~tt~~A, ~~§~m-trtt~ 
~~~R~tt~~~~' R~tt~~~§mR~*~~~~m-trM~~~; 

J1Jr~~!!Xtl~ 1330, ffl r~!!Xffl rtl!IXR~t~1-iES{]ffi -i:g:-tr; 
?JT~~:£1 tl~ 131 o, ~ffl r ~~ J1JT~ffi - i:g:-tr$tu AilJ R~7J\. ~ tl~, imttJ1JT~R~7J\. ~ 

tl~7J\. ~ J1JT~ffi - i:g:-tr s{] R~t~1-iE; 
J1Jr~~lltl~ 1310, ~ffl r~~J1Jr~R~t~1-iEJfPffi-i:g:-trs{]t~1-iE1§ }~,$tuAilJi:g:-tr;:ll~tl 

~nHi;:ll~, 1iilJJ1Jr~ffi=i:g:-tro 
a-~m~~~~~A~,~~R~~fil§mffi-~fil, ~~ffi-~fil§m$~~~ 

1iE; 
?JT~~:£1 tl~ 131 o, ~ffl r ~~ J1JT~ffi - i:g:-tr$tu AilJ R~7J\. ~ tl~, imttJ1JT~R~7J\. ~ 

tl~tl!IXJ1Jr~ffi- i:g:-tr ~ s{]ffi-t~1iES{] fPJ;.; ~~?JT~ffi-i:g:-tr$tuAilJ~t~1iEtl!!Xtl~, ;m 
tt~~~~fil~!IX~~~!IX~~~~fil~[PJ;; 

}1)T~$tu Atl~ 1320' ~ffl rti Y5(ffl? $tu As{] ?Jr~$ ~~t~1iE ~ ~~ }1)T~~t~1iE s{]i,,£ 

J1Jr~~lltl~ 1310, ~fflrtlHlisJ1Jr~ffi-t~1iES{)fPJ;, J1Jr~$tuAtl~ 1320 tiY5(8{}~ 
~~~~~fil~fPJ;H~~~~~~fil~&m~~~~ffi-m-tr~R~~filo 

a-~ m~s{]~JJli'i~A~, p)T~~lltl~ 1310, ~ffl T~~?JT~ffi-t~1iES{] [PJ;.$tuA$ 
:Ydi ~ n ~a tiJ, _§J~ ~~~t~1iE s{] fPJ;. H £J ~ xt fHX ms{]* lR $tu A flj ?Jr~$ ~di~ n ~a 
~, imtt~~$~tt~n~~$tulli~~ffi-m-tr~R~~filo 

a-~m~s{]~JJli'i~A~, ?Jr~~!!Xtl~ 1330, ~fflrtiY5(ffl?$tuAS{}tltJz~tl~1'F, 
~~~*~*~~fflr~*§~~*; ~!IX~~§~~*~@~m-tr, ffi~~§~~*~ 
@s{]i:g:-tr1t~J1Jr~ffi-i:g:-tr 0 

a-~m~s{]~JJli'i~A~, ?Jr~~!!Xtl~ 1330, ~fflrtiY5(ffi=i£i!A$tuAS{]ffi-i:g: 
:-rr. r:;i:;: ,__p.,,,,,,_. _ 'E.:-rr."-1---,,,,,,,_. _ ,r½ '+ i r'r!-t 'E.:-rr. r:;i:;: ,__p.,,,,,,_. - ,r½ '+ i "-I-,!::=:: r:;i:;: ,__p.,,,,,,_. - ,r½ '+ i X B r'r!-t ffcrr. 
1=1, m J&~ i~ 1=1 /~~ lJL 11':l/\.J:J'Jl~ 1=1, m J&~- lJL 11':l/\./~--'--J m J&~ lJL 11':l/VI' 1r:iJ J:J'Jr ,EI, 

Ao 
a-~m~~~~~A~,~~§~tt~~A~~gtt~~A, ~~§~m-trtt~~ 

i'&~~ g $~~~i'&; ?JT~~lltl~ 1310, ~ffl T~~?Jr~ffi-i:g:-trs{]t~1iEi§ }~,$tuAilJ~ g $~ 

~~~.;mtt~~~gtt~~~$tulli~~m=m-tr, ~~m-m-tr~ffi-~g~m-tr,~ 
~m= i:g:-tr~ffi=~ § s{]i:g:-tr 0 

a-~m~~~~~A~,~~~gtt~~~§m$~~gtt~~~. ~~~gtt~ 

tl~7J\.JJIJttxt~ ~ s{]1t$~~~ g; 
J1Jr~$tuAtl~ 1320, ~fflrtiY5(ffl?$tuAS{]~tl~1'F; 
p)T~~lltl~ 1310, ~ffl T~~ffi-i:g:-trs{]t~1iEi§ }~,$tuAtlJ?JT~~tl~1'Fxt@s{]~ § $~ 

~~~' ;mtt~~~*~~~g~~gtt~~~$tulli~~ffi=m-tro 
a-~ m~s{]~JJli'i~A~, p)T~~lltl~ 1310, ~ffl T~~?Jr~ffi-i:g:-tr$tuAilJR~7J\. 

~~~, imtt~~R~*~~~*~~~ffi-m-tr~R~~fil; 
p)T~~lltl~ 1310, ~ffl T~~?Jr~ffi-i:g:-trs{]R~t~1iEJfPp)r~ffi-i:g:-trs{]t~1iE1§ }~,$tu 
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AtLl7f g $~~fxxJML imttJ1JT3£7'f g $~~rxxJMHtutBJ1Jr3£ffi=fg:-tr, J1Jr3£ffi=i:g:-trJfOJ1JrJ£ffi­
i:g:-tr s{] R ti :t§ ~ o 

a-~m~~~~7'fA~,~J£ffi-m-tr~fil~m-tr, §~J£§~tt~~A~m-tr~ 
~~A, ~J£§~m-trtt~rxxJ~~m-tr~~~~~. 

p)rj£~:l]!Jj~ 1310, ~ffl T~~p)Tj£ffi-i:g:-trs{]t~1-iEf§ }i~HtuAiLl?Jr3£tlAX'J fls{]i:g:-trti 
,12-t-l+'!fU ,a;'-+ r:;i:;: '---P-'E..:rr.-J.lilll,12-t-l+'!fU~ w k,'r ~ 'E..:rr. r:;i:;: '---P-frk ~ 'E..:rr.-'-l-,~i:;:.-1-z. 'E..:rr. 
J!:Wl~'.=1=:.' JJflJ-1-rJI J& l~ I=! J,fcl J~'l~'.=1=:.-mU W ~- l~ I=! ' rJI J&~- l~ I=! /~)l_LJ-c,1/Jl~ I=! 0 

a-~ m~s{]~JJli'i7fA~, p)Tj£~:£1tl~ 1310, ~ffl T~~p)Tj£ffi-i:g:-tr$tuAiLlRti 
*~~~, imtt~J£Rti*~~~*~~J£ffi-m-tr~Rti~fil; 

J1JTJ£~:£11J~ 1310, ~ffl r~~J1JrJ£ffi-i:g:-trs{]Rtit~1-LEJfoJ1JrJ£ffi-i:g:-trs{]t~1-iEf§ ,1~,$tu 
AtLlJ1JrJ£i:g:-trti51Hl~, imttJ1JrJ£i:g:-trti51Hl~$tu tB J1JT3£ffi= i:g:-tr, J1JT3£ffi= i:g:-trJfOJ1Jr3£ 
ffi-i:g:-tr s{] Rti :t§ ~ o 

a-~m~s{]~JJli'i7fA~, p)T3£~!\Xtl~ 1330, ~fflrt:iY5(ffi-iR,i!A$tuAS{]J1Jrj£ffi 
-m-tr; ~~, M*~H~~#~~*~J£ffi-m-tro 

a-trrm~~s{]i&it~, ~:£11J~ 1310 m~~-~~ll~B, ~ll~Bs{]r}J~~m~$ 
7J\. ~~$imM$x 1tf:~JJJl o 

m~~, ~ll~B~~~m~$*~~$imM$x#~~o~~, ~ll~Bm~§mH 
~ff~~llff, ~~, H~fffflrH~it•m~ff, ~llff~!IX#~ffH~ff~H~~it 
•m~ff, ~~ff1f~-~7'f$~~M~~fflfI~ll~~W~o 

m~~, ~ll~Bm~~§m~llffofflrH~it-m~ff~H~ff~r~ll~B~ 
jr, ~llffimtt~fil%/~~£JH1iiff~ti, ~ ~!IX#tAff Hfiiff ~HfiiS{]it•tflfiff o 

m~~. ~J£~:El~Bm~~-~~$~~h, ~-~~$~~~~~0 

~Mtt~, *$~~~M~~T-#~h~~, ~~00~14~~, ~~h§m: 
]1)T3£~hm ~*JJli'i~H1i?:fxxJi%~:flff 140 (neural-network processing unit, NPU), NPU 

1i::~t11'~llffttt\tJLl:± CPU (host CPU) _t, EB Host CPU 7J\.Wc1f9h NPU S{]1t1L.'$7J\.~ 
3E• ~filt 1403, imtt~tLlff 1404 ~tLl3E• ~filt 1403 ti!IXH1iiff ~ s{]~§J$~11Jlis#filff*i! 
JE.o 

a-@~JJ)l~, JE-~fil% 1403 pg$§115$~~:@.J¥l5G (process engine, PE) o a-@ 
~JJli'i ~, 3E• ~filt 1403 ~=ttJvJ<i}Jf!$JLl o 3E• ~filt 1403 ~m ~~-tJJvj(i}Jf!$JLl~~~~{JJ$ 
tfa.fffJU~D*i!Jfo1Joi!~ttS{}~~3E-s{]~'t ~-=f~fil%o a-@~JJli'i ~, 3E. ~filt 1403 ~ 

imffl s{] 3£ [!$~:fl ff 0 

*1YLl*i£, 1~i&~$tuA3£[!$ A, tXm:3£[!$ B, $tut±:\3£[!$ Co 3E-~fil%tAt2mH1iiff 1402 

~!IX3£[!$ B :t§fIS{]~i@, #tlHfrJE-~filt~~-~ PE Lo 3E-~fil%tA$tuAH1iiff 1401 

~!IX3£[!$ A ~t@lj3£[!$ B filff3£[!$3E., 1iiLlS{}3£[!$S{]$7J\.fa~~:ldtia~, 1iHfr~1J□ 

ff 1408 accumulator ~ o 

~JE-H1iiff 1406 ffl r HJJ)($tu A~i@ ~R..$tu tB ~i@ o t2m~tli51UiimMH1ii 1¥L 5GiJJ i'J:iJ 

~tLlff 1405 (direct memory access controller, DMAC) ii.3ElLlt2mH1iiff 1402 ~ o $tu 
A~t@filimtt DMAC *i-3EtLl~JE-H1iiff 1406 ~ 0 
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BIU 7'J Bus Interface Unit ep, ,eJ'.!Hi □ -'¥1.JG 1410, fflr AXI ,B,~--'=3 DMAC ;fOI!Xt~tf 
1iiff 1409 Instruction Fetch Buffer S{}jtlio 

,B,~ti D-'¥1.JG 1410 (Bus Interface Unit, faH~ BIU) , ffl T I!Xt~t¥1iiff 1409 J,Ajr$t¥ 
1iiff~I!Xt~4-, ~fflrt¥1ii-'¥1.JGiJJi'J:iJ~tUff 1405 J,Ajr$t¥1iiff~IIX~A~f!$ A ~~i'X:ic: 
~ [!$ B S{] »R ~11Jli5 o 

DMAC ±~ffl T~~jr$t¥1iiff DDR qJ s{]~A~11Jli5.3EfljiJE-t¥1iiff 1406 ~~~i'X:ic:~ 
i@.3EJIJi'2:ic:t¥1iiff 1402 qJ~~~~A~i@~i@-3EJIJ~At¥1iiff 1401 qJ o 

fPJ;it•-'¥1.JG 1407 $~3E-~ll-'¥1.JG, friw~S{]tlmr, xt3E-~fil%S{}~t±:\{~j:Jtl:­
iv~ll, ~□ fPJ;*, fPJ;.1Jo, t~~3E-, xt~3E-, :::k1J\ b~t1~~'4¥o :=t~ffl r1El3i?:fxxJi%qJ 
~F~1J:UFC mrxxJttit., ~DitMt (pooling) , tltY3-1t (batch normalization) , Ja.j$OfriJ$Z. 
Y3 -1t ( local response normalization) ~ o 

a-@~JJJi'Jrfi' fPJ; it•-'¥1.JG 1407 ~~~~i?:~JIS{]~t±:1 s,g fPJ;t¥fiilUiJE-tlt¥ff 14060 
,wu~□, fPJ;it•-'¥1.JG 1401 PT~~~~r:~t!:Bl§~J1Z.ffliU3E•~filt 1403 s{]~t±:1, ,wu~□ ~1J□ 11is{] 
fPJ;., ffl ~ Ii. P>Z1J:i~ {1i o a - @ ~JJJili qJ , fPJ;. it• -'¥1-JG 1407 Ii. P>Z Y3 - 1t s,g {1i, if Jf {ll, 
~=~:!:?J~o a-@~JJJi'iqJ, ~lltts{}~t±:\s{)fPJ;~~{JJ$ffl1tlU3E-~fil% 1403 s,g1J:i~~A, 
M~fflrfr~~fxxJ~qJ~~~mqJ~~fflo 

~tUff 1404 ijJis{]IOC1~t¥1iiff (instruction fetch buffer) 1409, ffl rt¥1ii~t1Jff 1404 

11 m s,g 1~ 4-; 
tJE-t¥1iiff 1406, ~At¥1iiff 1401, i'2:ic:t¥1iiff 1402 ~R.I!Xt~t¥1iiff 1409 :l:?JT'J 

On-Chip t¥1iiff o j1'$t¥1iiffll~ Ti~ NPU ~11tf:~t1J 0 
~qJ, *$~qJ, m~~fil~IIX~~-R~*~~~-$~tt~~~-~~~fil~IIX 

tl~- Seq2seq 1El3i?:rxxJi%qJS{]~~~m, t~~~mloii~niatiJ, 7'fg$~MHJ~, i,:g:~tiB5itl 
~qJ~~tJ~qJ~ms,g3E•PT~rn3E-~fil% 1403 ~fPJ;it.-'¥1.JG 14071Aff o 

3E-~fil% 1403 ~fPJ;it.-'¥1.JG 1407 it•1ti1J~~{1[ (~□~-~~{1[), ± CPU fflr 
~IIX~~~&-~t¥~ff~t¥~~it•m~~.~ffl~~~ff~~7'f$~~MqJ~~~~ 
ff s{]7'fit 0 

~~00~15~~, *~~~~M~~~T~-#m~tt~~B, ~~15~~, ~~ 

t±:17--'=3*$~~~Mffl~~$*,A~tt*m~*ffl~~.~~00*$~~~M7'f$$*o 
m~tt~~BPT~T'J~~' ~~~PT~T'J~m-~*~~' ~fil*~~' fi~~*~' ~ 
ft/m ~ 7'J ~ i'Jl 7'J fylj : 

~ 15 ~ tB s,g ~--'=3 * ~ ~ ~ ~ 1Jut11~ s,g it t1m :t§ ~ s,g ~ i'fl s,g $ 7J\.ia ;J;JJ s,g m ~ 0 ~~ ~ 15 , 
~iffl'EL1J-S: MJJ"m (radio frequency, RF) ~fil% 1510, t¥1iiff 1520, ~A-'¥1.JG 1530, ~~­

JG 1540, ~JJ"m~filt 1560, ~Jiff 1580, ~R.~i~ 1590 ~$1tf:o *~"m±:'llGtt*Aff:!PT~llt~, 
~15qJ~t±:\~~m~~*~~P>Z~~m~~~. PT~'E1m~~~~g;~~&~$#, ~ 

~fflif~®$#, ~~~~~$#~Bo 

rrnHaif ~ 15 xt~i'Jls,g~~tJJP>Z$1tf:filff A~s{]1rm = 

RF ~filt 1510 PTfflrY5(~f~U~,~imi!ttfiqJ, f§%8{]1iY5(f0~;!, t~JJIJrfil, ~~~ft~s,g 
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rff11~U~JiY5(Fo, ~~Jiff 1580 ~llo 
t¥1iiff 1520 PT ffl rt¥1ii~1tf:;f¥ft: ~R.tl~, ~Jiff 1580 j!JB1iEff t¥1iifrt¥1iiff 1520 

s{]~1tf:;f¥Ff ~R.tl~, JkffiHJtAi-¥1Jls{]~;frf!r}J~~fiffl ~R.~11Jlis~llo t¥1iiff 1520 PT:±~ 
§mt¥~~ft:~~t¥~~ffl~, ~~. t¥~~ft:~PTt¥~~~~~,~&-~~~~~~ 

flffl;f¥Ff C b~~□ F~:t!JJ)(J}J~~~) ~o Jl:li1r, t¥1iiff 1520 PT~§t15~J!MUJlt¥!1Xt¥1iiff, 
~PT~ §1t~r:~~t!:t¥1itff, ,wu~□ ~&-~~l:ffl:t¥1itff1tf:, 1AJt¥ff1tf:, ~~1m~~·r1[f!]~ 
t¥1iiff1tf: 0 

~ A-!¥L JG 15 3 0 PT ffl T ti Y5(~ As{]~¥~ ¥t-rf~Ui~L ~ R.r Ii. £J-¥ tfl s{] ffl? i&B ~ R. 
r}J~~~tLl~~s{]f§tf§%~Ao Jl{tt-fu, ~A-!¥L5G 1530 PT§ttfoEl!~TiiHJz 1531 ~R.~1m~A 
i&~ 15320 foEl!~TiiHJz 1531, filf~jgfoEl!tlJ#, PTY5(~ffl?fr~_t~!Yftm:s{]foEl!tl~1'F C b~~o 
ffl? 11 ffl-¥ 1~, foEI! ~ ~ 1f 1PJ ~if S{] to/] 1,t~ !Yft1tf:ftfoEI! ~ TiiHJz 15 3 1 _t ~ ftfoEI! ~ TiiHJz 15 3 1 !Yftm: 
s{]~1'F)' 3ttlzffltm7ti&AE s{];f¥:rt~IRi}J,f§fIS{]ijJi~B O pJ J&S{J' foEl!~TiiHJz 1531 pJ §ttfoEI! 
-~~~B~tiffl~~ffM~$*o~~, tiffl~~~B~~ffl?~tiffl~~, *~~ti 
•~~**~m%,ffim%~~~ti•~~ff; tiffl~~ffMtiffl~~~11_t~~timm 
}~,, *~~'t$~~P>Gfo3!,8~fi, ~~~~Jiff 1580, *~~tiY5(~:flff 1580 /3t*s{]fit4-JF1JD 
~tAffo ~i7foEl!~TiiHJz 1531, ~A-!¥L5G 153O~PT~§t15~1m~Ai&~ 15320 Jl{tt-fu, ~ 
1m~Ai&~ 1532 pJ~§t151B~~~rto/Jllf§t:ffl:, J}J~~tt (b~~o~;~tH~fJ!, :3f~~fjt~), 

~~~' ~~,~~ff~~~-#~$#0 
*$-if~, ~A-!¥L5G 1530 fflrtiY5(ffl?~AS{]~;frfi~1'F, fJu~□, 1l:rtJ&11~1'F~o 

[!] 13 ~~Atl~ 1320 s{]r}J~~PT~rni~~A-!¥L5G 1530 *tfa.ff,~~, [!] 13 ~~!!Xtl~ 1330 
s{]r}J~~PT~rni~~A-!¥L5G 1530 *tfa.ff o 

~ 7F 1¥l 5G 1540 PT ffl T ~ 7F EE ffl? ~As{] f§ }~, ~ tt1~ ~ ffl? s{] f~U~, ~ R.-¥ iffl s{] ~ ;ff;j~ 
-!¥Lo ~JF-!¥L5G 1540 PT§t15~JFTiiHJz 1541, PTJ&S{J, PT~*ffl1Wa1~JFff (Liquid Crystal 

Display, LCD), ~iffl/3t1t=11>zig (Organic Light-Emitting Diode, OLED) ~%:rt*Wcll~ 
JFTiiHJz 1541o JtJ:-ivs{], foEl!~rnH1z 1531 PT1iw.~JFTIIT11z 1541, 3foEl!~TIIT11z 1531 ~~~uiu 
a~_t~!Yftm:s{]foEl!tl~1'FFo, 1t~~~:@.ff 1580 ~EmAEfoEl!tl1J1tf:s{]~~' ~Fo~llff 1580 
i'lzfflfoEl!tl1J1tf:s{]~~a~JFffitlz 1541 _ttt1~:t§fIS{]f!Jltt~tB o .li~ft[!l 15 ~, foEl!~ffitlz 
1531 £J ~JFffitlz 1541 ~1f T'JM~M!iLS{]$1tf:*~JJlili-¥ifflS{]~AJf0~AJ}J~~, 1B ~fr~® 
~JJW:fJU ~, PT ~~~foEl!~ffitlz 1531 £J ~JF ffitlz 1541 ~JJ)Grfjj~JJli'i-¥ifflS{]~AJf0~ t±:\J}J~~ o 

*$-if~, ~JF-!¥LJG 1540 fflr~JF~1!~JJW:fJu~xtfis{][!] 6A, [!] 6B, [!] llA;f0[!] 
11 B ~ 7F t±:\ S{] APP 3'f. ffi o 

~JJP1~fil% 1560, 131Fff 156L 1tFff 1562 PTtt1~ffl?£J-¥tflz:JsJs{]~JJP1tiD o ~JJY1 
~filt 1560 PT~~tiY5(tLls{]~JJP1~ffl$~~Fos{]~f§%, 1t~JU131Fff 156L rn131Fff 1561 $~ 
~T'JF~1*%~t±:\; yj-~TIIT, 1tFff 1562 ~~Y5(~8{]F~1§%$~~jg~1*%, EE~JJP1~ 
filt 1560 tiY5(Fo$~~T'J~JJP1~ffl, ~~~~JJP1~ffl~t±:l~llff 1580 ~:EIFo o 

*$-if~, ~JJP1~fil% 1560 imtt1tFff 1562 tiY5(ffi-i£i!As{]ffi-i:g:~, ~~, tiY5( 
ffi=i£i!As{]ffi-i:g:~o 131Fff 1561 fflr~t±:\~llz:.Fos{]ffi=i:g:~, fJU~D, ffi=i:g:~Jg 
R~tt~Fo~m~, ~~. m=m~Jg~~tt~~m~, ~~. m=m~Jgm~~~Fo~ 
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i:g:~o 13JJBff 1561 fflr$tut±:lffi=i:g:~o 
a-~PT~~s{]W:itqJ, l!l 13 qJ$tut±:\tl~ 1340 s{]r}J~~PT~rn137JBff 1561 *1fa.ff o 
~Jiff 1580 ~-¥tflS{]~tLl qJ 1L.', lLlffl ~;frfiti D ;fO~fil%~tiff~-¥tflS{]~~$7J\., ;m 

tt3Eff~1fa.ff1¥1iifr1¥1iiff 1520 pg s{]$x1tf:f¥rt:Jfo;~;tJ~, ~R.ififlffl1¥1iifr1¥1iiff 1520 pg 
s{]~i@, 1Jt.ff-¥1Jls{]~;frf!r}J~~;fo~:£1~i@, JkFffixt-¥tflfilff fff,t~~o PT J&S{J, ~Jiff 1580 

PT 'eMt-~ ~$~~ll-!¥L 5G o 
-¥1Jl~§1t~~~$1tf:1~~s{]~j~ 1590 C b~~D~ifu), fiJ&S{J, ~j~pJ~;mjj:~j~ff 

ll*~JE!j~Jlff 1580 JZ'.$!1::t§~, J,Xffjj;mjj:~j~ffll*~JE~JJliliffllfE~, JJ)(~, ~R.r}Jff; 

ffff*~tB, -¥m~PT~§mffi~~-~~~~~, fr~~N~~o 
*$mqJ, §~~1¥~ff1¥~~~Ffffi~~~~~llff~ff~~~L~~~$~~M 

qJ~~~ff~~$, A1t~~OOL~~~$~~MqJ~ffl~, ~~~~~o 

*$m~~MqJ~~~-#it•mPT~1¥~*~' ~it•mPT~1¥~*~qJ1¥~~~ 
rt:, §~ait•mL3Eff~, ~fflit•m~ff~$~~$~~Mm~~~$qJ~~W:4~ 
1Jt.ff s{]:tiJ#lo 

*$m~~MqJ~~~-#§mit•m~rt:~~. §~ait•mLff~~. ~fflit•m 
~ff~$~~~$~~Mffl~~~$qJ~~~~ff~W~o 

*$m~~MqJ~~~-#~~*~' ~~~~*~§m~:£1~~. ~~~ll~~re 

B~~ff~$~~$~~Mffl~~~$qJ~~W:4~~ff~W~o 

a~-#PT~~W:itqJ, §~~B~~~pg~~h~, ~#§m: ~ll-!¥L5G~J!Hm-!¥L 
5G,~~~ll-!¥L5GM~PT~~~llff,~~;mm-!¥L5GM~PT~~$tuN$tut±:\~D,ff~~~ 
~~o~~ll-!¥L5GPT~ff1¥~1¥l5G1¥~~it-m~ffffi~, ~~~~~pg~~#~ffL~ 
ffi-~001f~-~~~~;mm~$oPTJ&~, ~~1¥~1¥l5G~~~~#pg~1¥~-!¥L5G, ~ 

*1¥ff, tl1¥~, ?JT~1¥1ii-!¥L5G~PT~~?JT~~tft/mpg s{]1irr?JT~~hjr$S{]1¥1ii-!¥L5G, ~□ 

~ ~1¥1iiff (read-only memory, ROM) ~PT1¥1iiffi'r~11L~,JfOtl°i~S{]~ffil~~S{]ffi'r~1¥1iii9: 
4, i)}f[tfl1¥IIX1¥1iiff (random access memory, RAM)~o 

~qJ, L~ff-~tliLlS{]~:flff, PT~~-~jmfflqJ~~llff CCPU), vl!J:~llff, t~5E 
fZ.ffl~~~fil% (application-specific integrated circuit, ASIC), ~-~~$~fflT~fffUL~ 
ffi-~oo~~;mm~$~~ff~ff~~~~~o 

?Jr ~~~±is{]tt*A3:! PT ~l1f~jfu 7 t~JLl, ~ts'i~s{]~{f:;fO(aHa, L~ts'i~S{]*~JE, ~ 
B~-!¥L5G~A1tI~tt~, PT~~~$~~$~~MqJ~~fZ.tt~, fr~~N~~o 

fr*$ m ?JTtl1~ s{] JL~~~ fJLl qJ, fZ. i~llt~ JLl, ?kti ff s{] * ~JE, ~B;fO~j!, PT ~Jfil 
tt~~~~A~~oM~, ~L~ffl~~~B~~M~~~~~tt~,M~, ~~-5G~ 
tu 7J\., 1x 1x~-tr11 JZ'.$!1:r}J ~~tu 7J\., ~ ~][\ ~JJliliat PT~~~ jr s{] tu 7J\. ~A, fJLl ~□ g; ~ J¥L 5G~til 
1tf:PT ~~aif~~PT ~~~iu~-~ *~JE, ~-®t~1-LEPT ~-'g~, ~~1Jt.ff O ~- ,8, J1JT~ 
~~w~~fflli~OO~Mif~~~Mif~;mm~~pJ~~;mtt-@~ □ ,~B~-JG~OO 

~Mif~;mm~~, PT~~~tt, m~~~~~%Ao 
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~~~~*~$#~~~•~m~~~~mm~~~~~L**~.~~-~~~~ 

$1tf:m ~~~~* m ~~~~~-~. epm ~1irr-~tt7'f, ~~* m ~7J\.~JLl$~rxxJtt 
-~L.m~~ffl~~~~~~*~~~$*~~~$-~*~~*~~M7f~~§~. 

yjjr, a*$m~~~~1Ju~s{]~r}J~~•~m~~JJ)Ga-~~~-~~. mm~~~ 

~-~-~~~Hfr, mm~~~~~~~L-~~)J)Gfr-~-~~.L~~p)G~-~~ 
m~*m~#~*~~~. mm~*m~#~~-~~*~~~. 

~~~p)G~-~~*~~#~~-~~*~~~#~~~~~~~m~~~m~,m 

~H~a-~tt•mm~~H~*~~.~r~~~~M, *$m~tt*7'f~*~L~~ 
~~~~tt*®lli~~~$*~~~tt*7'f~~~$~$*m~~~#~~~*~~~ 

lli*, ~tt•m~#~~H~a-~H~*~~. §m~~m~m~~ffl-~tt•m~4 
cm~~~Att•m, m~B, ~~rxxJ~~4~)~fi*$m~~~~M~~7'f$~~$ 

~$7J\.iv#f. mJlW~S{]Hfii* ~§tJ-S: U :ffl:, ~i}J~J:ffl:, ~ ~H1iiff (ROM, Read-Only 

Memory), ~:ffLH~Hfiiff (RAM, Random Access Memory), ~l~t~~ft:ffl:~~1rrm ~ 

H1iil~rt:1~~~s{]*~. 
~L?JT~, ~L~~iJHxffl ~ ~~*$-ifs{]tt*7'f~, mJ~FX'J~~~fffLl; ,&.~~~~$~ 

~~M~*$mfilfi7Wm~~~,*~~~~~tt*A~@§~M: ~*~m~~lru~ 
~~~M~fil~~tt*7'f~filfi~a, ~~~~~$*tt*~filfilfi~~~~; rm~®~ 

a~~~~. #~~ffl@tt*7'f~~*~M~*$m~~~Mtt*7'f~~ff~~ffi~. 
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