Performing feature extraction from a training speech signal to obtain an audio |

feature sequence

— S110

Training the audio feature sequence by a phoneme mixed Gaussian
Model-Hidden Markov Model to obtain a phoneme feature sequence

Training the phoneme feature sequence by a Deep Neural Net-Hidden Markov
Model-sequence training model to obtain a target acoustic model
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Performing pre-emphasis, framing, windowing, endpoint detection, fast Fourier
transform, and Mel filier bank and discrete cosine transform on the training speech signal
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Training the audio feature sequence by a phoneme mixed Gaussian Model-Hidden
Markov Model to obtain a phoneme feature sequence

S221 N Training the audio feature sequence by a monophone Mixture Gaussian
Model-Hidden Markov Model to obtain the phoneme feature sequence

2

"N| Obtaining an original monophone truth corresponding to each audio feature in the
andio feature sequence based on an original monophone Mixture Gaussian
Model-Hidden Markov Model

$223 v

~ Iteratively training the original monophone Mixture Gaussian Model-Hidden
Markov Model based on the audio feature sequence and the original monophone
truth to obtain a target monophone Mixture Gaussian Model-Hidden Markov Model
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Aligning each original monophone truth based on the target monophone Mixture
Gaussian Model-Hidden Markov Model to obtain a target monophone feature
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Obtaining a phoneme feature sequence based on the target monophone feature
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Training the phoneme feature sequence by a Deep Neural Net-Hidden Markov
Model-sequence training model to obtain a target acoustic model

SEst | Training an original Deep Neural Net-Hidden Markov Model-sequence training
model with the phoneme feature sequence
8232 v

"] Obtaining an original state level truth corresponding to each target monophone
feature or each target triphone feature, based on the original Deep Neural
Net-Hidden Markov Model-Sequence Training Model

5233 \

~t training the original Deep Neural Net-Hidden Markov Model-Sequence Training
Model based on the audio feature sequence and the original state level truth to
obtain an intermediate Deep Neural Net-Hidden Markov Model-Sequence Training
Model

A4

5234 ~\ Performing a combined training on the intermediate Deep Neural Net-Hidden
~ Markov Model-sequence training model to obtain the target acoustic model by
using a cross-entropy training criterion, a L2-norm fraining criterion and a Leaky
HMM training criterion.
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Performing pre-emphasis, framing, windowing, endpoint detection, fast Fourier transform, and Mel
filter bank and discrete cosine transform on the training speech signal
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Training the audio feature sequence by a monophone Mixture Gaussian Model-Hidden Markov
Model to obtain a phoneme feature sequence
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"™ | Clustering the original triphone Mixture Gaussian Model-Hidden Markov Model to obtain a

| Tteratively training the clustered triphone Mixture Gaunssian Model-Hidden Markov Model

"\{| Obtaining an original state level truth corresponding to each target monophone

~\ Performing a combined training on the intermediate Deep Neural Net-Hidden

v

Training the phoneme feature sequence by a triphone Mixture Gaussian Model-Hidden Markov
Model to obtain an updated phoneme feature sequence

Obtaining an original triphone truth based on a target monophone feature in the phoneme
feature sequence
v

~t Imputling the original triphone truth into the target monophone Mixture Gaussian
Model-Hidden Markov Model to obtain an original triphone Mixture Gaussian
Model-Hidden Markov Model

v

clustered triphone Mixture Gaussian Model-Hidden Markov Model

v

| based on the audio feature sequence and the original triphone truth to obtain a target triphone
Mixture Gaussian Model-Hidden Markov Model

v

Aligning each original triphone truth based on the target triphone Mixture Gaussian
Model-Hidden Markov Model to obtain a target triphone feature

v

1 Obtaining the updated phoneme feature sequence based on the target triphone feature
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Training the updated phoneme feature sequence by the Deep Neural Net-Hidden
Markov Model-sequence training Model to obtain the target acoustic model

Training an original Deep Neural Net-Hidden Markov Model-sequence training
model with the updated phoneme feature sequence

N

feature or each target triphone feature, based on the original Deep Neural
Net-Hidden Markov Model-Sequence Training Model

v

~ Training the original Deep Neural Net-Hidden Markov Model-Sequence Training
Model based on the audio feature sequence and the original state level truth to
obtain an intermediate Deep Neural Net-Hidden Markov Model-Sequence Training
Model

— Markov Model-sequence training model to obtain the target acoustic model by
using a cross-entropy training criterion, a L2-norm training criterion and a Leaky
HMM training criterion.

S340
e

Figure 3

3/5



Audio Feature Sequence Obtaining Module
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Monophone Feature Sequence Obtaining Unit 21

Original Monophone Mode! Obtaining Sub-unit 211

Original Monophone Truth Obtaining Sub-unit 212
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Original Triphone Truth Obtaining Sub-unit 221

Intermediate Model Training Unit 33
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Original Triphone Mode] Obtaining Sub-unit 222 . .
Target Model Obtaining Unit 34

Clustering Triphone Model Obtaining Sub-unit 223

Target Triphone Model Obtaining Sub-unit 224
[

target triphone feature obtaining sub-unit 225

Second Phoneme Feature Sequence Obtaining Sub-unit 226
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Recognizing an original voice signal by using a target acoustic mode! obtained by an acoustic model
training method, and obtaining a current voiceprint feature signal, the original voice signal comprises a

user ID

v

Obtaining a pre-stored voiceprint feature signal corresponding to the user ID

¥
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Determining whether the current voiceprint feature signal and the pre-stored voiceprint feature signal

correspond to a same user, and obtaining a determination result

Figure 5
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