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INTRODUCTION
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Neural waveform models

Mel-spectrogram, F0, etc.
cN
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Models
q Neural autoregressive (AR) and inverse AR flow

q No AR or inverse AR flow
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INTRODUCTION

☛ Reference in appendix
☛More details: https://www.slideshare.net/jyamagis/

Multi-head CNN

Inverse AR Flow

FloWaveNet

WaveGlow

Neural source-filter
(NSF) models

• Spectral-domain training criterion
• Source-filter architecture

GELP

Neural AR models
WaveRNNSampleRNN

FFTNet

WaveNet 

LPCNetExcitNet GlotNet

Parallel 
WaveNet

ClariNet

https://www.slideshare.net/jyamagis/tutorial-on-endtoend-texttospeech-synthesis-part-1-neural-waveform-modeling
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NSF models

Baseline NSF 
(b-NSF)

Simplified NSF
(s-NSF)

Harmonic-plus-noise NSF 
(hn-NSF)

ICASSP 2019 Journal paper submitted SSW 2019

v MVF: Maximum voiced frequency

hn-NSF with 
fixed MVFs hn-NSF with 

trainable MVF

INTRODUCTION
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NEURAL SOURCE-FILTER MODEL

c1 …c2 cNc3

…

1 2 3 4 T…Generated
waveform

Natural 
waveform 1 2 3 4 T

Spectral 
distance

…

o1 o2 o3 o4 oT
…

Back-propagation

Idea 1: spectral domain criterion

• Based on short time Fourier transform (STFT)



Idea 2: source-filter 
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1 2 3 4 T…

c1 …c2 cNc3

…

1 2 3 4 T

o1 o2 o3 o4 oT

‘Filter’

Natural 
waveform

Generated
waveform

1 2 3 4 TF0/pitch ‘Source’

NEURAL SOURCE-FILTER MODEL

Spectral 
distance

…
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NEURAL SOURCE-FILTER MODEL
General framework 

• No AR or inverse AR flow

Spectral features & F0 

Condition module

Neural source module Neural filter module

Frequency-domain distanceNatural 
waveform

o1:T
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F0 infor. Spectral infor. 

Generated 
waveform

Gradients



General framework 

• Different neural filter modules
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NEURAL SOURCE-FILTER MODEL

Spectral features & F0 

Condition module

Neural source module

Frequency-domain distanceNatural 
waveform

o1:T
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F0 infor. Spectral infor. 

Generated 
waveform

Gradients

Neural filter module

NSF
b-NSF

s-NSF hn-NSF
Ver.1 Ver.2
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NEURAL SOURCE-FILTER MODEL
General framework

• Condition module:

Spectral features & F0 

Neural source module Neural filter module

Frequency-domain distanceNatural 
waveform

o1:T
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Up sampling Up samplingBi-LSTM CONV
F0
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Generated 
waveform

Gradients

Up sampling
Dimension change

Cat.

v CONV: convolution 
v Cat.: concatenation

c1:N
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NEURAL SOURCE-FILTER MODEL
General framework

• Source module:  generate sine-based excitation given F0

Spectral features & F0 

Neural filter module

Frequency-domain distanceNatural 
waveform
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Up sampling
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<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

Generated 
waveform

Gradients

ft 2 {0} [ R+
<latexit sha1_base64="bQweRaCpjD5StPEq2S0t/AbLMAw="></latexit>

et 2 R, 8t 2 {1, · · · , T}
<latexit sha1_base64="vEWUsyNCHcXXebGE8DZ7eixy8D8="></latexit>

Up samplingBi-LSTM CONV Cat.F0

v FF: feedforward layer with Tanh

c1:N
<latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit>



Spectral features & F0 

Filter module

Frequency-domain distanceNatural 
waveform

o1:T
<latexit sha1_base64="Zdo4chTHCwn14pjLpVsfBBJdHB4=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJpG1oHkOSUcowvyG40j9xJ25d+iOuzbSz0NYDIYdz7uUeThgzqo3nfTmltfWNza3ydmVnd2//oHp41NUyUZh0sGRS9UOkCaOCdAw1jPRjRRAPGemF09vc7z0QpakUbTOLScDRWNARxchYyfdDncpsmMKbdjas1ry6N4e7SmBBaqBAa1j99iOJE06EwQxpPYBebIIUKUMxI1nFTzSJEZ6iMRlYKhAnOkjnmTP3zCqRO5LKPmHcufp7I0Vc6xkP7SRHZqKXvVz8zxskZnQdpFTEiSECLw6NEuYa6eYFuBFVBBs2swRhRW1WF0+QQtjYmiq+II9Yco5ElNpysgEM7C9ZlGeRLK3BLC8KLteySrqNOryoN+4va01YVFYGJ+AUnAMIrkAT3IEW6AAMYvAEXsCr8+y8Oe/Ox2K05BQ7x+APnM8fcpyg2Q==</latexit>

Generated
waveform

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

Generated 
waveform

Gradients

Up samplingBi-LSTM CONV Cat.F0
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NEURAL SOURCE-FILTER MODEL
General framework

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

…

sin(
tX

k=1

2⇡
fk
Ns

+ �) + nt

<latexit sha1_base64="Nd8J+btPnYdCTDTSZfC2/iz8QJw="></latexit>

Random initial phase
Sampling rate

Noise

FF

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Sine 
generator

Fundamental 
component

Voiced:

Unvoiced: noise

v FF: feedforward layer with Tanh



15

NEURAL SOURCE-FILTER MODEL
General framework

Spectral features & F0 

Frequency-domain distanceNatural 
waveform

o1:T
<latexit sha1_base64="Zdo4chTHCwn14pjLpVsfBBJdHB4=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJpG1oHkOSUcowvyG40j9xJ25d+iOuzbSz0NYDIYdz7uUeThgzqo3nfTmltfWNza3ydmVnd2//oHp41NUyUZh0sGRS9UOkCaOCdAw1jPRjRRAPGemF09vc7z0QpakUbTOLScDRWNARxchYyfdDncpsmMKbdjas1ry6N4e7SmBBaqBAa1j99iOJE06EwQxpPYBebIIUKUMxI1nFTzSJEZ6iMRlYKhAnOkjnmTP3zCqRO5LKPmHcufp7I0Vc6xkP7SRHZqKXvVz8zxskZnQdpFTEiSECLw6NEuYa6eYFuBFVBBs2swRhRW1WF0+QQtjYmiq+II9Yco5ElNpysgEM7C9ZlGeRLK3BLC8KLteySrqNOryoN+4va01YVFYGJ+AUnAMIrkAT3IEW6AAMYvAEXsCr8+y8Oe/Ox2K05BQ7x+APnM8fcpyg2Q==</latexit>

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Neural filter module

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

Generated 
waveform

Gradients

Up samplingBi-LSTM CONV Cat.F0

c1:N
<latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit>
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NEURAL SOURCE-FILTER MODEL
General framework

• Multiple Ls : different frame shift & length (☛ ICASSP 2019)

Spectral features & F0 

Natural 
waveformo1:T

<latexit sha1_base64="Zdo4chTHCwn14pjLpVsfBBJdHB4=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJpG1oHkOSUcowvyG40j9xJ25d+iOuzbSz0NYDIYdz7uUeThgzqo3nfTmltfWNza3ydmVnd2//oHp41NUyUZh0sGRS9UOkCaOCdAw1jPRjRRAPGemF09vc7z0QpakUbTOLScDRWNARxchYyfdDncpsmMKbdjas1ry6N4e7SmBBaqBAa1j99iOJE06EwQxpPYBebIIUKUMxI1nFTzSJEZ6iMRlYKhAnOkjnmTP3zCqRO5LKPmHcufp7I0Vc6xkP7SRHZqKXvVz8zxskZnQdpFTEiSECLw6NEuYa6eYFuBFVBBs2swRhRW1WF0+QQtjYmiq+II9Yco5ElNpysgEM7C9ZlGeRLK3BLC8KLteySrqNOryoN+4va01YVFYGJ+AUnAMIrkAT3IEW6AAMYvAEXsCr8+y8Oe/Ox2K05BQ7x+APnM8fcpyg2Q==</latexit>

Generated
waveformbo1:T

<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

FFTFraming FFT Framing

iFFT
@L

@bo1:T
De-framing

Ls
<latexit sha1_base64="quIUJPQWRArR8990kqzNpOiSsy4=">AAACGHicbVDLSsNAFJ3UV62vqks3wSC4KkkVdFlw48JFBfuAJpTJZNIOnUecmSgl5DsEV/on7sStO3/EtZM2C209MMzhnHu5hxMmlCjtul9WZWV1bX2julnb2t7Z3avvH3SVSCXCHSSokP0QKkwJxx1NNMX9RGLIQop74eSq8HsPWCoi+J2eJjhgcMRJTBDURgp8BvUYQZrd5EM1rDtuw53BXiZeSRxQoj2sf/uRQCnDXCMKlRp4bqKDDEpNEMV5zU8VTiCawBEeGMohwyrIZqFz+8QokR0LaR7X9kz9vZFBptSUhWayCKkWvUL8zxukOr4MMsKTVGOO5ofilNpa2EUDdkQkRppODYFIEpPVRmMoIdKmp5rP8SMSjEEeZX6o8oEXmF/QqMgiaOZ4eW6K8hZrWSbdZsM7azRvz52WV1ZWBUfgGJwCD1yAFrgGbdABCNyDJ/ACXq1n6816tz7moxWr3DkEf2B9/gCiEqGB</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Neural filter module

Up samplingBi-LSTM CONV Cat.F0

v FFT: fast Fourier transform

c1:N
<latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit>



c1:N
<latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit>
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NEURAL SOURCE-FILTER MODEL
General framework

Spectral features & F0 

Natural 
waveformo1:T

<latexit sha1_base64="Zdo4chTHCwn14pjLpVsfBBJdHB4=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJpG1oHkOSUcowvyG40j9xJ25d+iOuzbSz0NYDIYdz7uUeThgzqo3nfTmltfWNza3ydmVnd2//oHp41NUyUZh0sGRS9UOkCaOCdAw1jPRjRRAPGemF09vc7z0QpakUbTOLScDRWNARxchYyfdDncpsmMKbdjas1ry6N4e7SmBBaqBAa1j99iOJE06EwQxpPYBebIIUKUMxI1nFTzSJEZ6iMRlYKhAnOkjnmTP3zCqRO5LKPmHcufp7I0Vc6xkP7SRHZqKXvVz8zxskZnQdpFTEiSECLw6NEuYa6eYFuBFVBBs2swRhRW1WF0+QQtjYmiq+II9Yco5ElNpysgEM7C9ZlGeRLK3BLC8KLteySrqNOryoN+4va01YVFYGJ+AUnAMIrkAT3IEW6AAMYvAEXsCr8+y8Oe/Ox2K05BQ7x+APnM8fcpyg2Q==</latexit>

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

Noise
FFSine 

generator

harmonics

FFTFraming FFT Framing

iFFT
@L

@bo1:T
De-framing

Ls
<latexit sha1_base64="quIUJPQWRArR8990kqzNpOiSsy4=">AAACGHicbVDLSsNAFJ3UV62vqks3wSC4KkkVdFlw48JFBfuAJpTJZNIOnUecmSgl5DsEV/on7sStO3/EtZM2C209MMzhnHu5hxMmlCjtul9WZWV1bX2julnb2t7Z3avvH3SVSCXCHSSokP0QKkwJxx1NNMX9RGLIQop74eSq8HsPWCoi+J2eJjhgcMRJTBDURgp8BvUYQZrd5EM1rDtuw53BXiZeSRxQoj2sf/uRQCnDXCMKlRp4bqKDDEpNEMV5zU8VTiCawBEeGMohwyrIZqFz+8QokR0LaR7X9kz9vZFBptSUhWayCKkWvUL8zxukOr4MMsKTVGOO5ofilNpa2EUDdkQkRppODYFIEpPVRmMoIdKmp5rP8SMSjEEeZX6o8oEXmF/QqMgiaOZ4eW6K8hZrWSbdZsM7azRvz52WV1ZWBUfgGJwCD1yAFrgGbdABCNyDJ/ACXq1n6816tz7moxWr3DkEf2B9/gCiEqGB</latexit>

Up samplingBi-LSTM CONV Cat.F0

Filter module

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit> bo1:T

<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>
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NEURAL SOURCE-FILTER MODEL
Filter modules in NSF models

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Baseline
filter block 1

Baseline
filter block 2

Baseline
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2

Simplified
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

b-NSF

s-NSF

simplify

xt, yt, bot, at 2 R, bt 2 R+, c̃t 2 R64, 8t 2 {1, · · · , T}
<latexit sha1_base64="K4IthEiDDK++dUZIuZUt3y7S3qc="></latexit><latexit sha1_base64="K4IthEiDDK++dUZIuZUt3y7S3qc="></latexit><latexit sha1_base64="K4IthEiDDK++dUZIuZUt3y7S3qc="></latexit><latexit sha1_base64="K4IthEiDDK++dUZIuZUt3y7S3qc="></latexit>

v
v Element-wise multiplication �

<latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="Yss+qhfbiVrDndGUo0ZFwnBpz8M=">AAAB/XicbVC7TsMwFHXKq4QCZWaJqJCYqpgFRiQWxiLRh9RElePctFb9iGwHVEX5AcTGn7AhvoQfYcZpOwDlSFc+OseWzz1JzpmxYfjpNba2d3b3mvv+Qcs/PDputwZGFZpCnyqu9CghBjiT0LfMchjlGohIOAyT+W3tDx9BG6bkg13kEAsylSxjlFgn9SbtTtgNlwg2CV6TDlpj0v6KUkULAdJSTowZ4zC3cUm0ZZRD5UeFgZzQOZnC2FFJBJi4XMasgnOnpEGmtBtpg6X680VJhDELkbibgtiZ+evV4n/euLDZdVwymRcWJF19lBU8sCqodw5SpoFavnCEUM1c1oDOiCbUumb8SMITVUIQmZZRYqoxjt2peFpnUbzs4KpyPeG/rWySwWUXh118H6ImOkVn6AJhdIVu0B3qoT6iKEXP6NV78d6891WfDW9d7An6Be/jGztomVo=</latexit><latexit sha1_base64="uHv4Cv4Gh/Ox4/4lTfYmxcXpiIA=">AAACBXicbVDNSsNAGPzib61Vq1cvwSJ4KokXPQpePFYwbSEJZbPZtEv3J+xulBLyDIInfRNv4mP4Ip7dtD1o68DHDjO77HyT5Ixq43lfzsbm1vbObmOvud86ODxqH7f6WhYKkwBLJtUwQZowKkhgqGFkmCuCeMLIIJne1v7gkShNpXgws5zEHI0FzShGxkpBJFNpRu2O1/XmcNeJvyQdWKI3an9HqcQFJ8JghrQOfS83cYmUoZiRqhkVmuQIT9GYhJYKxImOy3nYyj23SupmUtkRxp2rv1+UiGs944m9yZGZ6FWvFv/zwsJk13FJRV4YIvDio6xgrpFuvbmbUkWwYTNLEFbUZnXxBCmEje2nGQnyhCXnSKRllOgq9GN7SpbWWSQrO35V2aL81VrWSf+y63td/96DBpzCGVyAD1dwA3fQgwAwUHiGV3hzXpx352NR6Yaz7PYE/sD5/AE7aZyJ</latexit><latexit sha1_base64="uHv4Cv4Gh/Ox4/4lTfYmxcXpiIA=">AAACBXicbVDNSsNAGPzib61Vq1cvwSJ4KokXPQpePFYwbSEJZbPZtEv3J+xulBLyDIInfRNv4mP4Ip7dtD1o68DHDjO77HyT5Ixq43lfzsbm1vbObmOvud86ODxqH7f6WhYKkwBLJtUwQZowKkhgqGFkmCuCeMLIIJne1v7gkShNpXgws5zEHI0FzShGxkpBJFNpRu2O1/XmcNeJvyQdWKI3an9HqcQFJ8JghrQOfS83cYmUoZiRqhkVmuQIT9GYhJYKxImOy3nYyj23SupmUtkRxp2rv1+UiGs944m9yZGZ6FWvFv/zwsJk13FJRV4YIvDio6xgrpFuvbmbUkWwYTNLEFbUZnXxBCmEje2nGQnyhCXnSKRllOgq9GN7SpbWWSQrO35V2aL81VrWSf+y63td/96DBpzCGVyAD1dwA3fQgwAwUHiGV3hzXpx352NR6Yaz7PYE/sD5/AE7aZyJ</latexit><latexit sha1_base64="8fJN4SaHaKTE9xHAcp0iY5D/Ahc=">AAACEHicbVC9TsMwGHT4LeWvwMgSESExVTELjJVYGItE2kpNVDmO01r1T2Q7oCrKMyAxwZuwIVbegBdhxmkzQMtJlk933yefL84Y1cb3v5y19Y3Nre3GTnN3b//gsHV03NMyV5gEWDKpBjHShFFBAkMNI4NMEcRjRvrx9Kby+w9EaSrFvZllJOJoLGhKMTJWCkKZSDNqeX7bn8NdJbAmHqjRHbW+w0TinBNhMENaD6GfmahAylDMSNkMc00yhKdoTIaWCsSJjop52NI9t0riplLZI4w7V39vFIhrPeOxneTITPSyV4n/ecPcpNdRQUWWGyLw4qE0Z66RbvVzN6GKYMNmliCsqM3q4glSCBvbTzMU5BFLzpFIijDW5RBG9pYsqbJIVniwLG1RcLmWVdK7bEO/De98rwPryhrgFJyBCwDBFeiAW9AFAcCAgifwAl6dZ+fNeXc+FqNrTr1zAv7A+fwBAvmd7w==</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit>

Simplified filter block

Dilated 
CONV +FF … FFx1:T y1:T

a1:T

x+ a
c̃1:T

Dilated 
CONV +

c̃1:T

Baseline filter block

Dilated 
CONV +

Tanh
Sigmoid

•
FF
FF

FF
+

Dilated 
CONV +

Tanh
Sigmoid

•
FF
FF

+
… + x� b+ ax1:T y1:T

a1:T

b1:T
c̃1:T c̃1:T

FF
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• Artifacts in both models (☛ journal paper):
1. Strong harmonics in high-frequency band
2. Bad unvoiced sounds
3. …

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Baseline
filter block 1

Baseline
filter block 2

Baseline
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2

Simplified
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

b-NSF

s-NSF

simplify
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bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Baseline
filter block 1

Baseline
filter block 2

Baseline
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2

Simplified
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

b-NSF

s-NSF

hn-NSF

simplify

upgrade

v HP, LP: high- and low-pass finite-impulse-response (FIR) filter



bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Baseline
filter block 2

Baseline
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 2

Simplified
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

b-NSF

s-NSF

hn-NSF

simplification

improvement

Baseline
filter block 1

Simplified
filter block 1

Simplified
filter block 1
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NEURAL SOURCE-FILTER MODEL
Harmonic-plus-noise NSF

• Filtering in time domain

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

MVF

hn-NSF
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NEURAL SOURCE-FILTER MODEL

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

hn-NSF
with fixed MVFs

u/v flag
Condition module for hn-NSF

Harmonic-plus-noise NSF
q Version 1 (☛ journal paper)

• Fixed MVFs:
1. A high MVF for voiced sounds
2. A low MVf for unvoiced sounds
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NEURAL SOURCE-FILTER MODEL

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

hn-NSF
with fixed MVFs

u/v flag
Condition module for hn-NSF

Harmonic-plus-noise NSF
q Version 1

• Fixed MVFs:
1. A high MVF for voiced sounds
2. A low MVf for unvoiced sounds



f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

NEURAL SOURCE-FILTER MODEL
Harmonic-plus-noise NSF
q Version 2 (☛ SSW paper)

• Trainable MVFs
1. Predict MVF values
2. Convert            to filter coefficients
3. Back-propagation
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bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

hn-NSF
with trainable MVFs

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

Condition module for hn-NSF
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NEURAL SOURCE-FILTER MODEL

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

hn-NSF
with trainable MVFs

Harmonic-plus-noise NSF
q Version 2

• Trainable MVFs
1. Predict MVF values
2. Convert            to filter coefficients    

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

Condition module for hn-NSF

f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>
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• How to predict MVF?

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

Condition module for hn-NSF
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NEURAL SOURCE-FILTER MODEL
Harmonic-plus-noise NSF
q Version 2 (☛ ssw paper)

• Merge function: 
• Use unvoiced / voiced          (u/v flag) as prior knowledge

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

Upsampling

Bi-LSTM

F0
Spectral

Cat.
CONV

Upsampling

r1:T
<latexit sha1_base64="folh5yn0POr2GUmRELwZoYDwnQg=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJpG1oHkOSUcowvyG40j9xJ25d+iOuzbSz0NYDIYdz7uUeThgzqo3nfTmltfWNza3ydmVnd2//oHp41NUyUZh0sGRS9UOkCaOCdAw1jPRjRRAPGemF09vc7z0QpakUbTOLScDRWNARxchYyfdDnapsmMKbdjas1ry6N4e7SmBBaqBAa1j99iOJE06EwQxpPYBebIIUKUMxI1nFTzSJEZ6iMRlYKhAnOkjnmTP3zCqRO5LKPmHcufp7I0Vc6xkP7SRHZqKXvVz8zxskZnQdpFTEiSECLw6NEuYa6eYFuBFVBBs2swRhRW1WF0+QQtjYmiq+II9Yco5ElNpysgEM7C9ZlGeRLK3BLC8KLteySrqNOryoN+4va01YVFYGJ+AUnAMIrkAT3IEW6AAMYvAEXsCr8+y8Oe/Ox2K05BQ7x+APnM8fd6mg3A==</latexit>

Bi-LSTM UpsamplingCONV

Smooth

u/v flag
Upsampling

v1:T
<latexit sha1_base64="R3k2Wi5IV5FCu1CJUcLqPVZIjC0=">AAACF3icbVDLSgMxFM34rPVVdelmsAiuyqQKiquCG5cV+oLOUDKZtA3NY0gylTLMbwiu9E/ciVuX/ohrM+0stPVAyOGce7mHE8aMauN5X87a+sbm1nZpp7y7t39wWDk67miZKEzaWDKpeiHShFFB2oYaRnqxIoiHjHTDyV3ud6dEaSpFy8xiEnA0EnRIMTJW8v1Qp9NskMLbVjaoVL2aN4e7SmBBqqBAc1D59iOJE06EwQxp3YdebIIUKUMxI1nZTzSJEZ6gEelbKhAnOkjnmTP33CqRO5TKPmHcufp7I0Vc6xkP7SRHZqyXvVz8z+snZngTpFTEiSECLw4NE+Ya6eYFuBFVBBs2swRhRW1WF4+RQtjYmsq+II9Yco5ElNpysj4M7C9ZlGeRLK3CLC8KLteySjr1Grys1R+uqg1YVFYCp+AMXAAIrkED3IMmaAMMYvAEXsCr8+y8Oe/Ox2J0zSl2TsAfOJ8/fmWg4A==</latexit>

Merge

f (c)
1:T = F(av1:T + br1:T + c)

<latexit sha1_base64="0M05eLgNamRxdTsWTSgVH0R1GJw="></latexit><latexit sha1_base64="0M05eLgNamRxdTsWTSgVH0R1GJw="></latexit><latexit sha1_base64="0M05eLgNamRxdTsWTSgVH0R1GJw="></latexit><latexit sha1_base64="0M05eLgNamRxdTsWTSgVH0R1GJw="></latexit>

v1:T
<latexit sha1_base64="SrIKdmq5FhFIzxSuR5kFU+KSE1E=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFNy4r9CEkoUwmk3boPMLMpFJCfkNwpX/iTty69EdcO2m70NYDwxzOuZd7OFHKqDae9+VU1tY3Nreq27Wd3b39g/rhUU/LTGHSxZJJ9RAhTRgVpGuoYeQhVQTxiJF+NL4t/f6EKE2l6JhpSkKOhoImFCNjpSCIdD4pBjm86RSDesNrejO4qwQuSAMs0B7Uv4NY4owTYTBDWvvQS02YI2UoZqSoBZkmKcJjNCS+pQJxosN8lrlwz6wSu4lU9gnjztTfGzniWk95ZCc5MiO97JXif56fmeQ6zKlIM0MEnh9KMuYa6ZYFuDFVBBs2tQRhRW1WF4+QQtjYmmqBII9Yco5EnNtyCh+G9pcsLrNIljdgURYFl2tZJb2LJvSa8P6y0YKLyqrgBJyCcwDBFWiBO9AGXYBBCp7AC3h1np035935mI9WnMXOMfgD5/MHfReg3A==</latexit><latexit sha1_base64="SrIKdmq5FhFIzxSuR5kFU+KSE1E=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFNy4r9CEkoUwmk3boPMLMpFJCfkNwpX/iTty69EdcO2m70NYDwxzOuZd7OFHKqDae9+VU1tY3Nreq27Wd3b39g/rhUU/LTGHSxZJJ9RAhTRgVpGuoYeQhVQTxiJF+NL4t/f6EKE2l6JhpSkKOhoImFCNjpSCIdD4pBjm86RSDesNrejO4qwQuSAMs0B7Uv4NY4owTYTBDWvvQS02YI2UoZqSoBZkmKcJjNCS+pQJxosN8lrlwz6wSu4lU9gnjztTfGzniWk95ZCc5MiO97JXif56fmeQ6zKlIM0MEnh9KMuYa6ZYFuDFVBBs2tQRhRW1WF4+QQtjYmmqBII9Yco5EnNtyCh+G9pcsLrNIljdgURYFl2tZJb2LJvSa8P6y0YKLyqrgBJyCcwDBFWiBO9AGXYBBCp7AC3h1np035935mI9WnMXOMfgD5/MHfReg3A==</latexit><latexit sha1_base64="SrIKdmq5FhFIzxSuR5kFU+KSE1E=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFNy4r9CEkoUwmk3boPMLMpFJCfkNwpX/iTty69EdcO2m70NYDwxzOuZd7OFHKqDae9+VU1tY3Nreq27Wd3b39g/rhUU/LTGHSxZJJ9RAhTRgVpGuoYeQhVQTxiJF+NL4t/f6EKE2l6JhpSkKOhoImFCNjpSCIdD4pBjm86RSDesNrejO4qwQuSAMs0B7Uv4NY4owTYTBDWvvQS02YI2UoZqSoBZkmKcJjNCS+pQJxosN8lrlwz6wSu4lU9gnjztTfGzniWk95ZCc5MiO97JXif56fmeQ6zKlIM0MEnh9KMuYa6ZYFuDFVBBs2tQRhRW1WF4+QQtjYmmqBII9Yco5EnNtyCh+G9pcsLrNIljdgURYFl2tZJb2LJvSa8P6y0YKLyqrgBJyCcwDBFWiBO9AGXYBBCp7AC3h1np035935mI9WnMXOMfgD5/MHfReg3A==</latexit><latexit sha1_base64="SrIKdmq5FhFIzxSuR5kFU+KSE1E=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFNy4r9CEkoUwmk3boPMLMpFJCfkNwpX/iTty69EdcO2m70NYDwxzOuZd7OFHKqDae9+VU1tY3Nreq27Wd3b39g/rhUU/LTGHSxZJJ9RAhTRgVpGuoYeQhVQTxiJF+NL4t/f6EKE2l6JhpSkKOhoImFCNjpSCIdD4pBjm86RSDesNrejO4qwQuSAMs0B7Uv4NY4owTYTBDWvvQS02YI2UoZqSoBZkmKcJjNCS+pQJxosN8lrlwz6wSu4lU9gnjztTfGzniWk95ZCc5MiO97JXif56fmeQ6zKlIM0MEnh9KMuYa6ZYFuDFVBBs2tQRhRW1WF4+QQtjYmmqBII9Yco5EnNtyCh+G9pcsLrNIljdgURYFl2tZJb2LJvSa8P6y0YKLyqrgBJyCcwDBFWiBO9AGXYBBCp7AC3h1np035935mI9WnMXOMfgD5/MHfReg3A==</latexit>

Spectral

F0 infor.

c1:N
<latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit><latexit sha1_base64="lyDuhK3h+JhJ1aElF9q0c8S4BW0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KhkRFFcFN66kgn1AEspkMmmHziPMTJQS8huCK/0Td+LWpT/i2knbhbYeGOZwzr3cw4lSRrXxvC+nsrK6tr5R3axtbe/s7tX3D7paZgqTDpZMqn6ENGFUkI6hhpF+qgjiESO9aHxd+r0HojSV4t5MUhJyNBQ0oRgZKwVBpHNcDHJ4dVsM6g2v6U3hLhM4Jw0wR3tQ/w5iiTNOhMEMae1DLzVhjpShmJGiFmSapAiP0ZD4lgrEiQ7zaebCPbFK7CZS2SeMO1V/b+SIaz3hkZ3kyIz0oleK/3l+ZpLLMKcizQwReHYoyZhrpFsW4MZUEWzYxBKEFbVZXTxCCmFja6oFgjxiyTkScW7LKXwY2l+yuMwiWd6ARVkUXKxlmXTPmtBrwrvzRgvOK6uCI3AMTgEEF6AFbkAbdAAGKXgCL+DVeXbenHfnYzZaceY7h+APnM8fUySgww==</latexit>
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Configuration
q Data and features

q Models
• WaveNet,  hn-NSF with fixed (manually optimized) MVF 
• Three hn-NSFs with trainable MVF

1. u/v + predicted feature
2. Predicted feature
3. Fully trainable

29[1] Kawai, H., Toda, T., Ni, J., Tsuzaki, M., and Tokuda, K. (2004). Ximera: A new TTS from ATR based on corpus-based technologies. In Proc. SSW5, pages 179–184..

Corpus Size Note
ATR Ximera F009 [1] 15 hours 16kHz, Japanese, neutral style

Feature Dimension

Acoustic
Mel-spectra 80

F0 1

EXPERIMENTS

vt =

(
0.7 voiced

0.3 unvoiced
<latexit sha1_base64="hhmIKtv0XTyJYIwj85umpSxVvbw="></latexit><latexit sha1_base64="hhmIKtv0XTyJYIwj85umpSxVvbw="></latexit><latexit sha1_base64="hhmIKtv0XTyJYIwj85umpSxVvbw="></latexit><latexit sha1_base64="Yss+qhfbiVrDndGUo0ZFwnBpz8M=">AAAB/XicbVC7TsMwFHXKq4QCZWaJqJCYqpgFRiQWxiLRh9RElePctFb9iGwHVEX5AcTGn7AhvoQfYcZpOwDlSFc+OseWzz1JzpmxYfjpNba2d3b3mvv+Qcs/PDputwZGFZpCnyqu9CghBjiT0LfMchjlGohIOAyT+W3tDx9BG6bkg13kEAsylSxjlFgn9SbtTtgNlwg2CV6TDlpj0v6KUkULAdJSTowZ4zC3cUm0ZZRD5UeFgZzQOZnC2FFJBJi4XMasgnOnpEGmtBtpg6X680VJhDELkbibgtiZ+evV4n/euLDZdVwymRcWJF19lBU8sCqodw5SpoFavnCEUM1c1oDOiCbUumb8SMITVUIQmZZRYqoxjt2peFpnUbzs4KpyPeG/rWySwWUXh118H6ImOkVn6AJhdIVu0B3qoT6iKEXP6NV78d6891WfDW9d7An6Be/jGztomVo=</latexit><latexit sha1_base64="7i/cd8q/xxXtJLjAPa4QrK7z2hA="></latexit><latexit sha1_base64="7i/cd8q/xxXtJLjAPa4QrK7z2hA="></latexit><latexit sha1_base64="yD9HGMOAnWzXz3vaLueD4DNKn4E="></latexit><latexit sha1_base64="hhmIKtv0XTyJYIwj85umpSxVvbw="></latexit><latexit sha1_base64="hhmIKtv0XTyJYIwj85umpSxVvbw="></latexit><latexit sha1_base64="hhmIKtv0XTyJYIwj85umpSxVvbw="></latexit><latexit sha1_base64="hhmIKtv0XTyJYIwj85umpSxVvbw="></latexit><latexit sha1_base64="hhmIKtv0XTyJYIwj85umpSxVvbw="></latexit><latexit sha1_base64="hhmIKtv0XTyJYIwj85umpSxVvbw="></latexit>

rt 2 (0, 1)
<latexit sha1_base64="Yfn6MxkSngUM5xGaYhcDrkD02EI=">AAACGHicbVDLSgMxFM3UV62vqks3wSJUkDIRQZcFNy4r2Ad0hpLJpG1oHmOSUcow3yG40j9xJ27d+SOuTR8LbT0QcjjnXu7hRAlnxvr+l1dYWV1b3yhulra2d3b3yvsHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0up747QeqDVPyzo4TGgo8kKzPCLZOCnXPwoDJqn8G0WmvXPFr/hRwmaA5qYA5Gr3ydxArkgoqLeHYmC7yExtmWFtGOM1LQWpogskID2jXUYkFNWE2DZ3DE6fEsK+0e9LCqfp7I8PCmLGI3KTAdmgWvYn4n9dNbf8qzJhMUkslmR3qpxxaBScNwJhpSiwfO4KJZi4rJEOsMbGup1Ig6SNRQmAZZ0Fk8i4K3a94PMmieFZBee6KQou1LJPWeQ35NXR7UamjeWVFcASOQRUgcAnq4AY0QBMQcA+ewAt49Z69N+/d+5iNFrz5ziH4A+/zB8Wvn8c=</latexit><latexit sha1_base64="Yfn6MxkSngUM5xGaYhcDrkD02EI=">AAACGHicbVDLSgMxFM3UV62vqks3wSJUkDIRQZcFNy4r2Ad0hpLJpG1oHmOSUcow3yG40j9xJ27d+SOuTR8LbT0QcjjnXu7hRAlnxvr+l1dYWV1b3yhulra2d3b3yvsHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0up747QeqDVPyzo4TGgo8kKzPCLZOCnXPwoDJqn8G0WmvXPFr/hRwmaA5qYA5Gr3ydxArkgoqLeHYmC7yExtmWFtGOM1LQWpogskID2jXUYkFNWE2DZ3DE6fEsK+0e9LCqfp7I8PCmLGI3KTAdmgWvYn4n9dNbf8qzJhMUkslmR3qpxxaBScNwJhpSiwfO4KJZi4rJEOsMbGup1Ig6SNRQmAZZ0Fk8i4K3a94PMmieFZBee6KQou1LJPWeQ35NXR7UamjeWVFcASOQRUgcAnq4AY0QBMQcA+ewAt49Z69N+/d+5iNFrz5ziH4A+/zB8Wvn8c=</latexit><latexit sha1_base64="Yfn6MxkSngUM5xGaYhcDrkD02EI=">AAACGHicbVDLSgMxFM3UV62vqks3wSJUkDIRQZcFNy4r2Ad0hpLJpG1oHmOSUcow3yG40j9xJ27d+SOuTR8LbT0QcjjnXu7hRAlnxvr+l1dYWV1b3yhulra2d3b3yvsHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0up747QeqDVPyzo4TGgo8kKzPCLZOCnXPwoDJqn8G0WmvXPFr/hRwmaA5qYA5Gr3ydxArkgoqLeHYmC7yExtmWFtGOM1LQWpogskID2jXUYkFNWE2DZ3DE6fEsK+0e9LCqfp7I8PCmLGI3KTAdmgWvYn4n9dNbf8qzJhMUkslmR3qpxxaBScNwJhpSiwfO4KJZi4rJEOsMbGup1Ig6SNRQmAZZ0Fk8i4K3a94PMmieFZBee6KQou1LJPWeQ35NXR7UamjeWVFcASOQRUgcAnq4AY0QBMQcA+ewAt49Z69N+/d+5iNFrz5ziH4A+/zB8Wvn8c=</latexit><latexit sha1_base64="Yfn6MxkSngUM5xGaYhcDrkD02EI=">AAACGHicbVDLSgMxFM3UV62vqks3wSJUkDIRQZcFNy4r2Ad0hpLJpG1oHmOSUcow3yG40j9xJ27d+SOuTR8LbT0QcjjnXu7hRAlnxvr+l1dYWV1b3yhulra2d3b3yvsHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0up747QeqDVPyzo4TGgo8kKzPCLZOCnXPwoDJqn8G0WmvXPFr/hRwmaA5qYA5Gr3ydxArkgoqLeHYmC7yExtmWFtGOM1LQWpogskID2jXUYkFNWE2DZ3DE6fEsK+0e9LCqfp7I8PCmLGI3KTAdmgWvYn4n9dNbf8qzJhMUkslmR3qpxxaBScNwJhpSiwfO4KJZi4rJEOsMbGup1Ig6SNRQmAZZ0Fk8i4K3a94PMmieFZBee6KQou1LJPWeQ35NXR7UamjeWVFcASOQRUgcAnq4AY0QBMQcA+ewAt49Z69N+/d+5iNFrz5ziH4A+/zB8Wvn8c=</latexit>

f (c)
t = vt + 0.2rt

<latexit sha1_base64="phcUZwNwbaFfyg7YFGsc5Blv6WA="></latexit><latexit sha1_base64="phcUZwNwbaFfyg7YFGsc5Blv6WA="></latexit><latexit sha1_base64="phcUZwNwbaFfyg7YFGsc5Blv6WA="></latexit><latexit sha1_base64="phcUZwNwbaFfyg7YFGsc5Blv6WA="></latexit>

f (c)
t = 0.5rt + 0.5

<latexit sha1_base64="T2wd0RSzPlk78t7bkzZihWYbq5Y=">AAACIXicbVDLSgMxFM34tr7qY+dmsAgVoUxE0Y0guHGpYFuhHYdMJlODeQzJHaUO8y+CK/0Td+JO/A/XprULXwfCPZxzLzmcOBPcQhC8eWPjE5NT0zOzlbn5hcWl6vJKy+rcUNakWmhzERPLBFesCRwEu8gMIzIWrB1fHw/89g0zlmt1Dv2MhZL0FE85JeCkqLqWRnBZ1OlWeRg09kwE225E1VrQCIbw/xI8IjU0wmlU/egmmuaSKaCCWNvBQQZhQQxwKlhZ6eaWZYRekx7rOKqIZDYshulLf9MpiZ9q454Cf6h+vyiItLYvY7cpCVzZ395A/M/r5JAehAVXWQ5M0a+P0lz4oP1BFX7CDaMg+o4QarjL6tMrYggFV1ilq9gt1VISlRTd2JYdHLqpRTLIokVRw2XpisK/a/lLWjsNHDTw2W7tCI8qm0HraAPVEUb76AidoFPURBTdoXv0iJ68B+/Ze/Fev1bHvNHNKvoB7/0TkMCivg==</latexit><latexit sha1_base64="T2wd0RSzPlk78t7bkzZihWYbq5Y=">AAACIXicbVDLSgMxFM34tr7qY+dmsAgVoUxE0Y0guHGpYFuhHYdMJlODeQzJHaUO8y+CK/0Td+JO/A/XprULXwfCPZxzLzmcOBPcQhC8eWPjE5NT0zOzlbn5hcWl6vJKy+rcUNakWmhzERPLBFesCRwEu8gMIzIWrB1fHw/89g0zlmt1Dv2MhZL0FE85JeCkqLqWRnBZ1OlWeRg09kwE225E1VrQCIbw/xI8IjU0wmlU/egmmuaSKaCCWNvBQQZhQQxwKlhZ6eaWZYRekx7rOKqIZDYshulLf9MpiZ9q454Cf6h+vyiItLYvY7cpCVzZ395A/M/r5JAehAVXWQ5M0a+P0lz4oP1BFX7CDaMg+o4QarjL6tMrYggFV1ilq9gt1VISlRTd2JYdHLqpRTLIokVRw2XpisK/a/lLWjsNHDTw2W7tCI8qm0HraAPVEUb76AidoFPURBTdoXv0iJ68B+/Ze/Fev1bHvNHNKvoB7/0TkMCivg==</latexit><latexit sha1_base64="T2wd0RSzPlk78t7bkzZihWYbq5Y=">AAACIXicbVDLSgMxFM34tr7qY+dmsAgVoUxE0Y0guHGpYFuhHYdMJlODeQzJHaUO8y+CK/0Td+JO/A/XprULXwfCPZxzLzmcOBPcQhC8eWPjE5NT0zOzlbn5hcWl6vJKy+rcUNakWmhzERPLBFesCRwEu8gMIzIWrB1fHw/89g0zlmt1Dv2MhZL0FE85JeCkqLqWRnBZ1OlWeRg09kwE225E1VrQCIbw/xI8IjU0wmlU/egmmuaSKaCCWNvBQQZhQQxwKlhZ6eaWZYRekx7rOKqIZDYshulLf9MpiZ9q454Cf6h+vyiItLYvY7cpCVzZ395A/M/r5JAehAVXWQ5M0a+P0lz4oP1BFX7CDaMg+o4QarjL6tMrYggFV1ilq9gt1VISlRTd2JYdHLqpRTLIokVRw2XpisK/a/lLWjsNHDTw2W7tCI8qm0HraAPVEUb76AidoFPURBTdoXv0iJ68B+/Ze/Fev1bHvNHNKvoB7/0TkMCivg==</latexit><latexit sha1_base64="T2wd0RSzPlk78t7bkzZihWYbq5Y=">AAACIXicbVDLSgMxFM34tr7qY+dmsAgVoUxE0Y0guHGpYFuhHYdMJlODeQzJHaUO8y+CK/0Td+JO/A/XprULXwfCPZxzLzmcOBPcQhC8eWPjE5NT0zOzlbn5hcWl6vJKy+rcUNakWmhzERPLBFesCRwEu8gMIzIWrB1fHw/89g0zlmt1Dv2MhZL0FE85JeCkqLqWRnBZ1OlWeRg09kwE225E1VrQCIbw/xI8IjU0wmlU/egmmuaSKaCCWNvBQQZhQQxwKlhZ6eaWZYRekx7rOKqIZDYshulLf9MpiZ9q454Cf6h+vyiItLYvY7cpCVzZ395A/M/r5JAehAVXWQ5M0a+P0lz4oP1BFX7CDaMg+o4QarjL6tMrYggFV1ilq9gt1VISlRTd2JYdHLqpRTLIokVRw2XpisK/a/lLWjsNHDTw2W7tCI8qm0HraAPVEUb76AidoFPURBTdoXv0iJ68B+/Ze/Fev1bHvNHNKvoB7/0TkMCivg==</latexit>

f (c)
t = sigmoid(avt + brt + c)

<latexit sha1_base64="IBTaxWFYnBiulbbSUoTBDGQwfCU="></latexit>



Results
q Speech quality

• ~150 paid evaluators,  1604 evaluation sets
o Copy-synthesis: given natural Mel-spec/F0
o TTS:  given generated Mel-spec/F0 from acoustic models
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EXPERIMENTS

Natural WaveNet Hn-NSF
fixed MVFs

Hn-NSF with trainable MVF
f (c)
t = vt + 0.2rt

<latexit sha1_base64="phcUZwNwbaFfyg7YFGsc5Blv6WA="></latexit><latexit sha1_base64="phcUZwNwbaFfyg7YFGsc5Blv6WA="></latexit><latexit sha1_base64="phcUZwNwbaFfyg7YFGsc5Blv6WA="></latexit><latexit sha1_base64="phcUZwNwbaFfyg7YFGsc5Blv6WA="></latexit>

f (c)
t = 0.5rt + 0.5

<latexit sha1_base64="T2wd0RSzPlk78t7bkzZihWYbq5Y=">AAACIXicbVDLSgMxFM34tr7qY+dmsAgVoUxE0Y0guHGpYFuhHYdMJlODeQzJHaUO8y+CK/0Td+JO/A/XprULXwfCPZxzLzmcOBPcQhC8eWPjE5NT0zOzlbn5hcWl6vJKy+rcUNakWmhzERPLBFesCRwEu8gMIzIWrB1fHw/89g0zlmt1Dv2MhZL0FE85JeCkqLqWRnBZ1OlWeRg09kwE225E1VrQCIbw/xI8IjU0wmlU/egmmuaSKaCCWNvBQQZhQQxwKlhZ6eaWZYRekx7rOKqIZDYshulLf9MpiZ9q454Cf6h+vyiItLYvY7cpCVzZ395A/M/r5JAehAVXWQ5M0a+P0lz4oP1BFX7CDaMg+o4QarjL6tMrYggFV1ilq9gt1VISlRTd2JYdHLqpRTLIokVRw2XpisK/a/lLWjsNHDTw2W7tCI8qm0HraAPVEUb76AidoFPURBTdoXv0iJ68B+/Ze/Fev1bHvNHNKvoB7/0TkMCivg==</latexit><latexit sha1_base64="T2wd0RSzPlk78t7bkzZihWYbq5Y=">AAACIXicbVDLSgMxFM34tr7qY+dmsAgVoUxE0Y0guHGpYFuhHYdMJlODeQzJHaUO8y+CK/0Td+JO/A/XprULXwfCPZxzLzmcOBPcQhC8eWPjE5NT0zOzlbn5hcWl6vJKy+rcUNakWmhzERPLBFesCRwEu8gMIzIWrB1fHw/89g0zlmt1Dv2MhZL0FE85JeCkqLqWRnBZ1OlWeRg09kwE225E1VrQCIbw/xI8IjU0wmlU/egmmuaSKaCCWNvBQQZhQQxwKlhZ6eaWZYRekx7rOKqIZDYshulLf9MpiZ9q454Cf6h+vyiItLYvY7cpCVzZ395A/M/r5JAehAVXWQ5M0a+P0lz4oP1BFX7CDaMg+o4QarjL6tMrYggFV1ilq9gt1VISlRTd2JYdHLqpRTLIokVRw2XpisK/a/lLWjsNHDTw2W7tCI8qm0HraAPVEUb76AidoFPURBTdoXv0iJ68B+/Ze/Fev1bHvNHNKvoB7/0TkMCivg==</latexit><latexit sha1_base64="T2wd0RSzPlk78t7bkzZihWYbq5Y=">AAACIXicbVDLSgMxFM34tr7qY+dmsAgVoUxE0Y0guHGpYFuhHYdMJlODeQzJHaUO8y+CK/0Td+JO/A/XprULXwfCPZxzLzmcOBPcQhC8eWPjE5NT0zOzlbn5hcWl6vJKy+rcUNakWmhzERPLBFesCRwEu8gMIzIWrB1fHw/89g0zlmt1Dv2MhZL0FE85JeCkqLqWRnBZ1OlWeRg09kwE225E1VrQCIbw/xI8IjU0wmlU/egmmuaSKaCCWNvBQQZhQQxwKlhZ6eaWZYRekx7rOKqIZDYshulLf9MpiZ9q454Cf6h+vyiItLYvY7cpCVzZ395A/M/r5JAehAVXWQ5M0a+P0lz4oP1BFX7CDaMg+o4QarjL6tMrYggFV1ilq9gt1VISlRTd2JYdHLqpRTLIokVRw2XpisK/a/lLWjsNHDTw2W7tCI8qm0HraAPVEUb76AidoFPURBTdoXv0iJ68B+/Ze/Fev1bHvNHNKvoB7/0TkMCivg==</latexit><latexit sha1_base64="T2wd0RSzPlk78t7bkzZihWYbq5Y=">AAACIXicbVDLSgMxFM34tr7qY+dmsAgVoUxE0Y0guHGpYFuhHYdMJlODeQzJHaUO8y+CK/0Td+JO/A/XprULXwfCPZxzLzmcOBPcQhC8eWPjE5NT0zOzlbn5hcWl6vJKy+rcUNakWmhzERPLBFesCRwEu8gMIzIWrB1fHw/89g0zlmt1Dv2MhZL0FE85JeCkqLqWRnBZ1OlWeRg09kwE225E1VrQCIbw/xI8IjU0wmlU/egmmuaSKaCCWNvBQQZhQQxwKlhZ6eaWZYRekx7rOKqIZDYshulLf9MpiZ9q454Cf6h+vyiItLYvY7cpCVzZ395A/M/r5JAehAVXWQ5M0a+P0lz4oP1BFX7CDaMg+o4QarjL6tMrYggFV1ilq9gt1VISlRTd2JYdHLqpRTLIokVRw2XpisK/a/lLWjsNHDTw2W7tCI8qm0HraAPVEUb76AidoFPURBTdoXv0iJ68B+/Ze/Fev1bHvNHNKvoB7/0TkMCivg==</latexit>

f (c)
t = F(avt + brt + c)

<latexit sha1_base64="uEED7rUVjKqr1veboo7kYNOdbLo="></latexit><latexit sha1_base64="uEED7rUVjKqr1veboo7kYNOdbLo="></latexit><latexit sha1_base64="uEED7rUVjKqr1veboo7kYNOdbLo="></latexit><latexit sha1_base64="uEED7rUVjKqr1veboo7kYNOdbLo="></latexit>

☛ Samples, models, codes: https://nii-yamagishilab.github.io/samples-nsf/nsf-v3.html

https://nii-yamagishilab.github.io/samples-nsf/nsf-v3.html
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EXPERIMENTS

0.0

1.0

f (c)
1:T
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<latexit sha1_base64="DM3ipM4UrDTBuqTfk/lLZbwTczU=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzIRQXFVcOOyQl/QjiWTybSheYxJRinDfIfgSv/Enbh154+4NtN2oa0HQg7n3Ms9nCBmVBvP+3IKK6tr6xvFzdLW9s7uXnn/oK1lojBpYcmk6gZIE0YFaRlqGOnGiiAeMNIJxte533kgSlMpmmYSE5+joaARxchYyY/u0io+zQYpvGpmg3LFq3lTuMsEzkkFzNEYlL/7ocQJJ8JghrTuQS82foqUoZiRrNRPNIkRHqMh6VkqECfaT6ehM/fEKqEbSWWfMO5U/b2RIq71hAd2kiMz0oteLv7n9RITXfopFXFiiMCzQ1HCXCPdvAE3pIpgwyaWIKyozeriEVIIG9tTqS/II5acIxGm/UBnPejbX7IwzyJZWoFZXhRcrGWZtM9q0KvB2/NKHc4rK4IjcAyqAIILUAc3oAFaAIN78ARewKvz7Lw5787HbLTgzHcOwR84nz9Ut6C3</latexit><latexit sha1_base64="DM3ipM4UrDTBuqTfk/lLZbwTczU=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzIRQXFVcOOyQl/QjiWTybSheYxJRinDfIfgSv/Enbh154+4NtN2oa0HQg7n3Ms9nCBmVBvP+3IKK6tr6xvFzdLW9s7uXnn/oK1lojBpYcmk6gZIE0YFaRlqGOnGiiAeMNIJxte533kgSlMpmmYSE5+joaARxchYyY/u0io+zQYpvGpmg3LFq3lTuMsEzkkFzNEYlL/7ocQJJ8JghrTuQS82foqUoZiRrNRPNIkRHqMh6VkqECfaT6ehM/fEKqEbSWWfMO5U/b2RIq71hAd2kiMz0oteLv7n9RITXfopFXFiiMCzQ1HCXCPdvAE3pIpgwyaWIKyozeriEVIIG9tTqS/II5acIxGm/UBnPejbX7IwzyJZWoFZXhRcrGWZtM9q0KvB2/NKHc4rK4IjcAyqAIILUAc3oAFaAIN78ARewKvz7Lw5787HbLTgzHcOwR84nz9Ut6C3</latexit><latexit sha1_base64="DM3ipM4UrDTBuqTfk/lLZbwTczU=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzIRQXFVcOOyQl/QjiWTybSheYxJRinDfIfgSv/Enbh154+4NtN2oa0HQg7n3Ms9nCBmVBvP+3IKK6tr6xvFzdLW9s7uXnn/oK1lojBpYcmk6gZIE0YFaRlqGOnGiiAeMNIJxte533kgSlMpmmYSE5+joaARxchYyY/u0io+zQYpvGpmg3LFq3lTuMsEzkkFzNEYlL/7ocQJJ8JghrTuQS82foqUoZiRrNRPNIkRHqMh6VkqECfaT6ehM/fEKqEbSWWfMO5U/b2RIq71hAd2kiMz0oteLv7n9RITXfopFXFiiMCzQ1HCXCPdvAE3pIpgwyaWIKyozeriEVIIG9tTqS/II5acIxGm/UBnPejbX7IwzyJZWoFZXhRcrGWZtM9q0KvB2/NKHc4rK4IjcAyqAIILUAc3oAFaAIN78ARewKvz7Lw5787HbLTgzHcOwR84nz9Ut6C3</latexit><latexit sha1_base64="Yss+qhfbiVrDndGUo0ZFwnBpz8M=">AAAB/XicbVC7TsMwFHXKq4QCZWaJqJCYqpgFRiQWxiLRh9RElePctFb9iGwHVEX5AcTGn7AhvoQfYcZpOwDlSFc+OseWzz1JzpmxYfjpNba2d3b3mvv+Qcs/PDputwZGFZpCnyqu9CghBjiT0LfMchjlGohIOAyT+W3tDx9BG6bkg13kEAsylSxjlFgn9SbtTtgNlwg2CV6TDlpj0v6KUkULAdJSTowZ4zC3cUm0ZZRD5UeFgZzQOZnC2FFJBJi4XMasgnOnpEGmtBtpg6X680VJhDELkbibgtiZ+evV4n/euLDZdVwymRcWJF19lBU8sCqodw5SpoFavnCEUM1c1oDOiCbUumb8SMITVUIQmZZRYqoxjt2peFpnUbzs4KpyPeG/rWySwWUXh118H6ImOkVn6AJhdIVu0B3qoT6iKEXP6NV78d6891WfDW9d7An6Be/jGztomVo=</latexit><latexit sha1_base64="YhspsOsSUTjPCEXM14/LfKUXMYA=">AAACDXicbZDNSgMxFIXv+Ftr1erWzWAR6qZM3CiuBDcuK1grtGPJZDJtaH7GJKOUYZ5DcKVv4k58BF/EtZm2C61eCDmck0sOX5RyZmwQfHpLyyura+uVjepmbWt7p75buzEq04R2iOJK30bYUM4k7VhmOb1NNcUi4rQbjS/KvPtAtWFKXttJSkOBh5IljGDrrDC5y5vkqBjk6Oy6GNQbQSuYjv9XoLlowHzag/pXP1YkE1RawrExPRSkNsyxtoxwWlT7maEpJmM8pD0nJRbUhPm0dOEfOif2E6Xdkdafuj83ciyMmYjIvRTYjsxiVpr/Zb3MJqdhzmSaWSrJ7KMk475VfknAj5mmxPKJE5ho5rr6ZIQ1JtZxqvYlfSRKCCzjvB+ZoodCdysel10UzxuoKEGhRSx/xc1xCwUtdBVABfbhAJqA4ATO4RLa0AEC9/AEL/DqPXtv3vsM6ZI3Z7sHv8b7+AZu659F</latexit><latexit sha1_base64="YhspsOsSUTjPCEXM14/LfKUXMYA=">AAACDXicbZDNSgMxFIXv+Ftr1erWzWAR6qZM3CiuBDcuK1grtGPJZDJtaH7GJKOUYZ5DcKVv4k58BF/EtZm2C61eCDmck0sOX5RyZmwQfHpLyyura+uVjepmbWt7p75buzEq04R2iOJK30bYUM4k7VhmOb1NNcUi4rQbjS/KvPtAtWFKXttJSkOBh5IljGDrrDC5y5vkqBjk6Oy6GNQbQSuYjv9XoLlowHzag/pXP1YkE1RawrExPRSkNsyxtoxwWlT7maEpJmM8pD0nJRbUhPm0dOEfOif2E6Xdkdafuj83ciyMmYjIvRTYjsxiVpr/Zb3MJqdhzmSaWSrJ7KMk475VfknAj5mmxPKJE5ho5rr6ZIQ1JtZxqvYlfSRKCCzjvB+ZoodCdysel10UzxuoKEGhRSx/xc1xCwUtdBVABfbhAJqA4ATO4RLa0AEC9/AEL/DqPXtv3vsM6ZI3Z7sHv8b7+AZu659F</latexit><latexit sha1_base64="ZYOyBbKBCmacuDvDxolKmDlIa90=">AAACGHicbVC7TsMwFHV4lvIqMLJEVEhlqWIWEFMlFsYi9SW1oXIcp7XqR7AdUBXlO5CY4E/YECsbP8KM02aAliNZPjrnXt2jE8SMauN5X87K6tr6xmZpq7y9s7u3Xzk47GiZKEzaWDKpegHShFFB2oYaRnqxIogHjHSDyXXudx+I0lSKlpnGxOdoJGhEMTJW8qO7tIbPsmEKr1rZsFL16t4M7jKBBamCAs1h5XsQSpxwIgxmSOs+9GLjp0gZihnJyoNEkxjhCRqRvqUCcaL9dBY6c0+tErqRVPYJ487U3xsp4lpPeWAnOTJjvejl4n9ePzHRpZ9SESeGCDw/FCXMNdLNG3BDqgg2bGoJworarC4eI4WwsT2VB4I8Ysk5EmE6CHTWh779JQvzLJKlVZjlRcHFWpZJ57wOvTq89aoNWFRWAsfgBNQABBegAW5AE7QBBvfgCbyAV+fZeXPenY/56IpT7ByBP3A+fwBTd6Cz</latexit><latexit sha1_base64="DM3ipM4UrDTBuqTfk/lLZbwTczU=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzIRQXFVcOOyQl/QjiWTybSheYxJRinDfIfgSv/Enbh154+4NtN2oa0HQg7n3Ms9nCBmVBvP+3IKK6tr6xvFzdLW9s7uXnn/oK1lojBpYcmk6gZIE0YFaRlqGOnGiiAeMNIJxte533kgSlMpmmYSE5+joaARxchYyY/u0io+zQYpvGpmg3LFq3lTuMsEzkkFzNEYlL/7ocQJJ8JghrTuQS82foqUoZiRrNRPNIkRHqMh6VkqECfaT6ehM/fEKqEbSWWfMO5U/b2RIq71hAd2kiMz0oteLv7n9RITXfopFXFiiMCzQ1HCXCPdvAE3pIpgwyaWIKyozeriEVIIG9tTqS/II5acIxGm/UBnPejbX7IwzyJZWoFZXhRcrGWZtM9q0KvB2/NKHc4rK4IjcAyqAIILUAc3oAFaAIN78ARewKvz7Lw5787HbLTgzHcOwR84nz9Ut6C3</latexit><latexit sha1_base64="DM3ipM4UrDTBuqTfk/lLZbwTczU=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzIRQXFVcOOyQl/QjiWTybSheYxJRinDfIfgSv/Enbh154+4NtN2oa0HQg7n3Ms9nCBmVBvP+3IKK6tr6xvFzdLW9s7uXnn/oK1lojBpYcmk6gZIE0YFaRlqGOnGiiAeMNIJxte533kgSlMpmmYSE5+joaARxchYyY/u0io+zQYpvGpmg3LFq3lTuMsEzkkFzNEYlL/7ocQJJ8JghrTuQS82foqUoZiRrNRPNIkRHqMh6VkqECfaT6ehM/fEKqEbSWWfMO5U/b2RIq71hAd2kiMz0oteLv7n9RITXfopFXFiiMCzQ1HCXCPdvAE3pIpgwyaWIKyozeriEVIIG9tTqS/II5acIxGm/UBnPejbX7IwzyJZWoFZXhRcrGWZtM9q0KvB2/NKHc4rK4IjcAyqAIILUAc3oAFaAIN78ARewKvz7Lw5787HbLTgzHcOwR84nz9Ut6C3</latexit><latexit sha1_base64="DM3ipM4UrDTBuqTfk/lLZbwTczU=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzIRQXFVcOOyQl/QjiWTybSheYxJRinDfIfgSv/Enbh154+4NtN2oa0HQg7n3Ms9nCBmVBvP+3IKK6tr6xvFzdLW9s7uXnn/oK1lojBpYcmk6gZIE0YFaRlqGOnGiiAeMNIJxte533kgSlMpmmYSE5+joaARxchYyY/u0io+zQYpvGpmg3LFq3lTuMsEzkkFzNEYlL/7ocQJJ8JghrTuQS82foqUoZiRrNRPNIkRHqMh6VkqECfaT6ehM/fEKqEbSWWfMO5U/b2RIq71hAd2kiMz0oteLv7n9RITXfopFXFiiMCzQ1HCXCPdvAE3pIpgwyaWIKyozeriEVIIG9tTqS/II5acIxGm/UBnPejbX7IwzyJZWoFZXhRcrGWZtM9q0KvB2/NKHc4rK4IjcAyqAIILUAc3oAFaAIN78ARewKvz7Lw5787HbLTgzHcOwR84nz9Ut6C3</latexit><latexit sha1_base64="DM3ipM4UrDTBuqTfk/lLZbwTczU=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzIRQXFVcOOyQl/QjiWTybSheYxJRinDfIfgSv/Enbh154+4NtN2oa0HQg7n3Ms9nCBmVBvP+3IKK6tr6xvFzdLW9s7uXnn/oK1lojBpYcmk6gZIE0YFaRlqGOnGiiAeMNIJxte533kgSlMpmmYSE5+joaARxchYyY/u0io+zQYpvGpmg3LFq3lTuMsEzkkFzNEYlL/7ocQJJ8JghrTuQS82foqUoZiRrNRPNIkRHqMh6VkqECfaT6ehM/fEKqEbSWWfMO5U/b2RIq71hAd2kiMz0oteLv7n9RITXfopFXFiiMCzQ1HCXCPdvAE3pIpgwyaWIKyozeriEVIIG9tTqS/II5acIxGm/UBnPejbX7IwzyJZWoFZXhRcrGWZtM9q0KvB2/NKHc4rK4IjcAyqAIILUAc3oAFaAIN78ARewKvz7Lw5787HbLTgzHcOwR84nz9Ut6C3</latexit><latexit sha1_base64="DM3ipM4UrDTBuqTfk/lLZbwTczU=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzIRQXFVcOOyQl/QjiWTybSheYxJRinDfIfgSv/Enbh154+4NtN2oa0HQg7n3Ms9nCBmVBvP+3IKK6tr6xvFzdLW9s7uXnn/oK1lojBpYcmk6gZIE0YFaRlqGOnGiiAeMNIJxte533kgSlMpmmYSE5+joaARxchYyY/u0io+zQYpvGpmg3LFq3lTuMsEzkkFzNEYlL/7ocQJJ8JghrTuQS82foqUoZiRrNRPNIkRHqMh6VkqECfaT6ehM/fEKqEbSWWfMO5U/b2RIq71hAd2kiMz0oteLv7n9RITXfopFXFiiMCzQ1HCXCPdvAE3pIpgwyaWIKyozeriEVIIG9tTqS/II5acIxGm/UBnPejbX7IwzyJZWoFZXhRcrGWZtM9q0KvB2/NKHc4rK4IjcAyqAIILUAc3oAFaAIN78ARewKvz7Lw5787HbLTgzHcOwR84nz9Ut6C3</latexit><latexit sha1_base64="DM3ipM4UrDTBuqTfk/lLZbwTczU=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzIRQXFVcOOyQl/QjiWTybSheYxJRinDfIfgSv/Enbh154+4NtN2oa0HQg7n3Ms9nCBmVBvP+3IKK6tr6xvFzdLW9s7uXnn/oK1lojBpYcmk6gZIE0YFaRlqGOnGiiAeMNIJxte533kgSlMpmmYSE5+joaARxchYyY/u0io+zQYpvGpmg3LFq3lTuMsEzkkFzNEYlL/7ocQJJ8JghrTuQS82foqUoZiRrNRPNIkRHqMh6VkqECfaT6ehM/fEKqEbSWWfMO5U/b2RIq71hAd2kiMz0oteLv7n9RITXfopFXFiiMCzQ1HCXCPdvAE3pIpgwyaWIKyozeriEVIIG9tTqS/II5acIxGm/UBnPejbX7IwzyJZWoFZXhRcrGWZtM9q0KvB2/NKHc4rK4IjcAyqAIILUAc3oAFaAIN78ARewKvz7Lw5787HbLTgzHcOwR84nz9Ut6C3</latexit>

v1:T
<latexit sha1_base64="3oCwSalmvECDylyVmy4wIxtwaWI="></latexit><latexit sha1_base64="3oCwSalmvECDylyVmy4wIxtwaWI="></latexit><latexit sha1_base64="3oCwSalmvECDylyVmy4wIxtwaWI="></latexit><latexit sha1_base64="3oCwSalmvECDylyVmy4wIxtwaWI="></latexit>
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SUMMARY
NSF framework

• No AR nor inverse AR flow 
• Easy training & fast generation (☛ appendix)
• hn-NSF is recommended

Spectral features & F0 

Condition module

Neural source module Neural filter module

Frequency-domain distanceo1:T
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waveform
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SUMMARY
Future direction

(c.f. HTS Slides, by HTS Working Group)

Source Filter

v HTS Slides version 2.3, HTS Working Group : http://hts.sp.nitech.ac.jp/?Download

Natural

Copy-synthesis



Questions & Comments 
are always Welcome!
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https://nii-yamagishilab.github.io/samples-nsf/index.html
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NEURAL SOURCE-FILTER MODEL
Baseline and simplified NSF

• Both models:
1. Strong harmonics in high-frequency bands
2. Awful unvoiced (fricative) sounds

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Baseline
filter block 1

Baseline
filter block 2

Baseline
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2

Simplified
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

b-NSF

s-NSF

simplify
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NEURAL SOURCE-FILTER MODEL
Baseline and simplified NSF

• Both models:
1. Strong harmonics in high-frequency bands
2. Awful unvoiced (fricative) sounds

• Model ‘overfitted’ to voiced sounds?

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Baseline
filter block 1

Baseline
filter block 2

Baseline
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2

Simplified
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

b-NSF

s-NSF

simplify

Epoch 1

Epoch 12 Epoch 28
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NEURAL SOURCE-FILTER MODEL
Baseline and simplified NSF

• Both models:
1. Strong harmonics in high-frequency bands
2. Awful unvoiced (fricative) sounds

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Baseline
filter block 1

Baseline
filter block 2

Baseline
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2

Simplified
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

b-NSF

s-NSF

simplify

…金融調節を実施した。
De-voiced し た



Simplified NSF
q F009 15 hour’s data

WAVEFORM MODELING

Source module

BLSTM CNN Up-sampling Smoothing

D-CNNs + D-CNNs + D-CNNs + D-CNNs + D-CNNs +

De-voiced し た

Stop



Simplified NSF
q F009 15 hour’s data

WAVEFORM MODELING

De-voiced し た

Stop

Source module

BLSTM CNN Up-sampling Smoothing

D-CNNs + D-CNNs + D-CNNs + D-CNNs + D-CNNs +

Corr = -0.92Corr = 0.23 Corr = -0.4234



Analysis
q Generation speed

v Mem-save mode:  release and allocate GPU memory layer by layer 
(limited by our CUDA implemetation)

v Normal mode: allocate GPU memory once

44

EXPERIMENTS

How many waveform points can be generated in 1s (Tesla p100)?
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NEURAL SOURCE-FILTER MODEL
Filter modules in NSF models

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Baseline
filter block 2

Baseline
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 2

Simplified
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

b-NSF

s-NSF

simplify

xt, yt, bot, at 2 R, bt 2 R+, c̃t 2 R64, 8t 2 {1, · · · , T}
<latexit sha1_base64="K4IthEiDDK++dUZIuZUt3y7S3qc="></latexit><latexit sha1_base64="K4IthEiDDK++dUZIuZUt3y7S3qc="></latexit><latexit sha1_base64="K4IthEiDDK++dUZIuZUt3y7S3qc="></latexit><latexit sha1_base64="K4IthEiDDK++dUZIuZUt3y7S3qc="></latexit>

v
v Element-wise multiplication �

<latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="Yss+qhfbiVrDndGUo0ZFwnBpz8M=">AAAB/XicbVC7TsMwFHXKq4QCZWaJqJCYqpgFRiQWxiLRh9RElePctFb9iGwHVEX5AcTGn7AhvoQfYcZpOwDlSFc+OseWzz1JzpmxYfjpNba2d3b3mvv+Qcs/PDputwZGFZpCnyqu9CghBjiT0LfMchjlGohIOAyT+W3tDx9BG6bkg13kEAsylSxjlFgn9SbtTtgNlwg2CV6TDlpj0v6KUkULAdJSTowZ4zC3cUm0ZZRD5UeFgZzQOZnC2FFJBJi4XMasgnOnpEGmtBtpg6X680VJhDELkbibgtiZ+evV4n/euLDZdVwymRcWJF19lBU8sCqodw5SpoFavnCEUM1c1oDOiCbUumb8SMITVUIQmZZRYqoxjt2peFpnUbzs4KpyPeG/rWySwWUXh118H6ImOkVn6AJhdIVu0B3qoT6iKEXP6NV78d6891WfDW9d7An6Be/jGztomVo=</latexit><latexit sha1_base64="uHv4Cv4Gh/Ox4/4lTfYmxcXpiIA=">AAACBXicbVDNSsNAGPzib61Vq1cvwSJ4KokXPQpePFYwbSEJZbPZtEv3J+xulBLyDIInfRNv4mP4Ip7dtD1o68DHDjO77HyT5Ixq43lfzsbm1vbObmOvud86ODxqH7f6WhYKkwBLJtUwQZowKkhgqGFkmCuCeMLIIJne1v7gkShNpXgws5zEHI0FzShGxkpBJFNpRu2O1/XmcNeJvyQdWKI3an9HqcQFJ8JghrQOfS83cYmUoZiRqhkVmuQIT9GYhJYKxImOy3nYyj23SupmUtkRxp2rv1+UiGs944m9yZGZ6FWvFv/zwsJk13FJRV4YIvDio6xgrpFuvbmbUkWwYTNLEFbUZnXxBCmEje2nGQnyhCXnSKRllOgq9GN7SpbWWSQrO35V2aL81VrWSf+y63td/96DBpzCGVyAD1dwA3fQgwAwUHiGV3hzXpx352NR6Yaz7PYE/sD5/AE7aZyJ</latexit><latexit sha1_base64="uHv4Cv4Gh/Ox4/4lTfYmxcXpiIA=">AAACBXicbVDNSsNAGPzib61Vq1cvwSJ4KokXPQpePFYwbSEJZbPZtEv3J+xulBLyDIInfRNv4mP4Ip7dtD1o68DHDjO77HyT5Ixq43lfzsbm1vbObmOvud86ODxqH7f6WhYKkwBLJtUwQZowKkhgqGFkmCuCeMLIIJne1v7gkShNpXgws5zEHI0FzShGxkpBJFNpRu2O1/XmcNeJvyQdWKI3an9HqcQFJ8JghrQOfS83cYmUoZiRqhkVmuQIT9GYhJYKxImOy3nYyj23SupmUtkRxp2rv1+UiGs944m9yZGZ6FWvFv/zwsJk13FJRV4YIvDio6xgrpFuvbmbUkWwYTNLEFbUZnXxBCmEje2nGQnyhCXnSKRllOgq9GN7SpbWWSQrO35V2aL81VrWSf+y63td/96DBpzCGVyAD1dwA3fQgwAwUHiGV3hzXpx352NR6Yaz7PYE/sD5/AE7aZyJ</latexit><latexit sha1_base64="8fJN4SaHaKTE9xHAcp0iY5D/Ahc=">AAACEHicbVC9TsMwGHT4LeWvwMgSESExVTELjJVYGItE2kpNVDmO01r1T2Q7oCrKMyAxwZuwIVbegBdhxmkzQMtJlk933yefL84Y1cb3v5y19Y3Nre3GTnN3b//gsHV03NMyV5gEWDKpBjHShFFBAkMNI4NMEcRjRvrx9Kby+w9EaSrFvZllJOJoLGhKMTJWCkKZSDNqeX7bn8NdJbAmHqjRHbW+w0TinBNhMENaD6GfmahAylDMSNkMc00yhKdoTIaWCsSJjop52NI9t0riplLZI4w7V39vFIhrPeOxneTITPSyV4n/ecPcpNdRQUWWGyLw4qE0Z66RbvVzN6GKYMNmliCsqM3q4glSCBvbTzMU5BFLzpFIijDW5RBG9pYsqbJIVniwLG1RcLmWVdK7bEO/De98rwPryhrgFJyBCwDBFeiAW9AFAcCAgifwAl6dZ+fNeXc+FqNrTr1zAv7A+fwBAvmd7w==</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit><latexit sha1_base64="BoMNuXf0+f66xhh516+6rYlpXZg=">AAACEHicbVDLSgMxFM3UV62vqks3g4PgqkxE0GXBjcsK9gEzQ8lkMm1oHkOSUcow3yC40j9xJ279A3/EtZm2C209EHI4515ycuKMUW18/8upra1vbG7Vtxs7u3v7B83Do56WucKkiyWTahAjTRgVpGuoYWSQKYJ4zEg/ntxUfv+BKE2luDfTjEQcjQRNKUbGSt1QJtIMm57f8mdwVwlcEA8s0Bk2v8NE4pwTYTBDWgfQz0xUIGUoZqRshLkmGcITNCKBpQJxoqNiFrZ0z6ySuKlU9gjjztTfGwXiWk95bCc5MmO97FXif16Qm/Q6KqjIckMEnj+U5sw10q1+7iZUEWzY1BKEFbVZXTxGCmFj+2mEgjxiyTkSSRHGugxgZG/JkiqLZIUHy9IWBZdrWSW9ixb0W/Du0mvDRWV1cAJOwTmA4Aq0wS3ogC7AgIIn8AJenWfnzXl3PuajNWexcwz+wPn8AQQ5nfM=</latexit>

Baseline
filter block 1

Simplified
filter block 1Simplified filter block

Dilated 
CONV +FF … FFx1:T y1:T

a1:T

x+ a
c̃1:T

Dilated 
CONV +

c̃1:T

Baseline filter block

Dilated 
CONV +

Tanh
Sigmoid

•
FF
FF

FF
+

Dilated 
CONV +

Tanh
Sigmoid

•
FF
FF

+
… + x� b+ ax1:T y1:T

a1:T

b1:T
c̃1:T c̃1:T

FF
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NEURAL SOURCE-F ILTER M ODEL
Harmonic-plus-noise NSF
q Version I: choose MVF based on u/v

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

u/v flag

Condition module for hn-NSF

Voiced 
sounds

Unvoiced 
sounds
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NEURAL SOURCE-FILTER MODEL
Harmonic-plus-noise NSF
q Version II: predict MVF from input features

• Forward and backward propagation (SSW paper section 3)

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

Condition module for hn-NSF

sinc Hamming 
window

Gain 
norm.

h(p)
t

<latexit sha1_base64="M1oIBag6FsjeqGa8M1xXK8rtVf8=">AAACHXicbVDLSgMxFM3UV62vUZduBotQN2WmCrosuHFZwT6gHUsmk7aheQxJplLC/IngSv/EnbgVf8S1mbYLbT0QcjjnXu7hRAklSvv+l1NYW9/Y3Cpul3Z29/YP3MOjlhKpRLiJBBWyE0GFKeG4qYmmuJNIDFlEcTsa3+R+e4KlIoLf62mCQwaHnAwIgtpKfdftRcqMsr7R2YOpJOdZ3y37VX8Gb5UEC1IGCzT67ncvFihlmGtEoVLdwE90aKDUBFGclXqpwglEYzjEXUs5ZFiFZpY8886sEnsDIe3j2pupvzcMZEpNWWQnGdQjtezl4n9eN9WD69AQnqQaczQ/NEipp4WX1+DFRGKk6dQSiCSxWT00ghIibcsq9Th+RIIxyGNjC8q6QWh/QeM8i6CmHGR5UcFyLaukVasGF9Xa3WW5HiwqK4ITcAoqIABXoA5uQQM0AQIT8ARewKvz7Lw5787HfLTgLHaOwR84nz+JUaL3</latexit>

h(a)
t

<latexit sha1_base64="7wCGAaI5y7ySSTgqi+NgRjPdIdk=">AAACHXicbVDLSgMxFM3UV62vUZduBotQN2WmCrosuHFZwT6gHUsmk7aheQxJplLC/IngSv/EnbgVf8S1mbYLbT0QcjjnXu7hRAklSvv+l1NYW9/Y3Cpul3Z29/YP3MOjlhKpRLiJBBWyE0GFKeG4qYmmuJNIDFlEcTsa3+R+e4KlIoLf62mCQwaHnAwIgtpKfdftRcqMsr7R2YOpwPOs75b9qj+Dt0qCBSmDBRp997sXC5QyzDWiUKlu4Cc6NFBqgijOSr1U4QSiMRzirqUcMqxCM0ueeWdWib2BkPZx7c3U3xsGMqWmLLKTDOqRWvZy8T+vm+rBdWgIT1KNOZofGqTU08LLa/BiIjHSdGoJRJLYrB4aQQmRtmWVehw/IsEY5LGxBWXdILS/oHGeRVBTDrK8qGC5llXSqlWDi2rt7rJcDxaVFcEJOAUVEIArUAe3oAGaAIEJeAIv4NV5dt6cd+djPlpwFjvH4A+czx9wW6Lo</latexit>

HP

LP

f (c)
t

<latexit sha1_base64="m+Q8mSsUDe8npYEkaOfP6tATrXE=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzJTBV0W3LisYB/QjiWTybSheYxJRilhvkNwpX/iTty680dcm2m70NYDIYdz7uUeTphQorTnfTmFldW19Y3iZmlre2d3r7x/0FYilQi3kKBCdkOoMCUctzTRFHcTiSELKe6E46vc7zxgqYjgt3qS4IDBIScxQVBbKTBxNjA6uzNVdJoNyhWv5k3hLhN/Tipgjuag/N2PBEoZ5hpRqFTP9xIdGCg1QRRnpX6qcALRGA5xz1IOGVaBmYbO3BOrRG4spH1cu1P194aBTKkJC+0kg3qkFr1c/M/rpTq+DAzhSaoxR7NDcUpdLdy8ATciEiNNJ5ZAJInN6qIRlBBp21Opz/EjEoxBHpl+qLKeH9hf0CjPIqip+FlelL9YyzJp12v+Wa1+c15p+PPKiuAIHIMq8MEFaIBr0AQtgMA9eAIv4NV5dt6cd+djNlpw5juH4A+czx96x6Fo</latexit>

@L
@f(c)

t
<latexit sha1_base64="Bm+oJEd1yRVE9+ZQjE3e0AOGRTA="></latexit>
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NEURAL SOURCE-FILTER MODEL
Harmonic-plus-noise NSF
q Time domain filtering

bo(n)1:T
<latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit><latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit><latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit><latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit>

bo(h)1:T
<latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit><latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit><latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit><latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit>

High-pass filter coefficients Low-pass filter coefficients

bot = at,0bo(n)t + at,1bo(n)t�1 + · · ·+ at,Mbo(n)t�M + bt,0bo(h)t + bt,1bo(h)t�1 + · · ·+ bt,Nbo(h)t�N
<latexit sha1_base64="JaIRccfSsWInDh3K9WMHvXWQ96U="></latexit><latexit sha1_base64="JaIRccfSsWInDh3K9WMHvXWQ96U="></latexit><latexit sha1_base64="JaIRccfSsWInDh3K9WMHvXWQ96U="></latexit><latexit sha1_base64="JaIRccfSsWInDh3K9WMHvXWQ96U="></latexit>

Noise component Harmonic component

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP



bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Baseline
filter block 2

Baseline
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 2

Simplified
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

b-NSF

s-NSF

hn-NSF

simplification

improvement

Baseline
filter block 1

Simplified
filter block 1

Simplified
filter block 1
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NEURAL SOURCE-FILTER MODEL
Harmonic-plus-noise NSF
q Version I: pre-defined filters coefficients

• Select one pair of HP-LP filters based on u/v flag

Noise component Harmonic component

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

u/v flag
Condition module for hn-NSF

bo(n)1:T
<latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit><latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit><latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit><latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit>

bo(h)1:T
<latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit><latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit><latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit><latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit>

bot =

8
><

>:

a0bo(n)t + a1bo(n)t�1 + · · ·+ aMbo(n)t�M + b0bo(h)t + b1bo(h)t�1 + · · ·+ bNbo(h)t�N , t is voiced

c0bo(n)t + c1bo(n)t�1 + · · ·+ cMbo(n)t�M + d0bo(h)t + d1bo(h)t�1 + · · ·+ dNbo(h)t�N , t is unvoiced
<latexit sha1_base64="EcGGEA/BhEg6wB/9+NxnEc0g5xM=">AAAE1XicrZNNb9MwGMezNsAIL+vgyMWiQhpiVHHXLekBaRIXLpuGtK6TmqxyHLe1ltghdjYqyzfElY/FZ+CLcMbpi6AvsB6wEuWv5/k/9l8/xVGWUCFd98dWpWrfu/9g+6Hz6PGTpzu13WcXghc5Jh3ME55fRkiQhDLSkVQm5DLLCUqjhHSj6/dlv3tDckE5O5fjjIQpGjI6oBhJU+rvVr4HtzQmIySV4lr3JXgHnCAiQ8oUNv </latexit><latexit sha1_base64="EcGGEA/BhEg6wB/9+NxnEc0g5xM=">AAAE1XicrZNNb9MwGMezNsAIL+vgyMWiQhpiVHHXLekBaRIXLpuGtK6TmqxyHLe1ltghdjYqyzfElY/FZ+CLcMbpi6AvsB6wEuWv5/k/9l8/xVGWUCFd98dWpWrfu/9g+6Hz6PGTpzu13WcXghc5Jh3ME55fRkiQhDLSkVQm5DLLCUqjhHSj6/dlv3tDckE5O5fjjIQpGjI6oBhJU+rvVr4HtzQmIySV4lr3JXgHnCAiQ8oUNv </latexit><latexit sha1_base64="EcGGEA/BhEg6wB/9+NxnEc0g5xM=">AAAE1XicrZNNb9MwGMezNsAIL+vgyMWiQhpiVHHXLekBaRIXLpuGtK6TmqxyHLe1ltghdjYqyzfElY/FZ+CLcMbpi6AvsB6wEuWv5/k/9l8/xVGWUCFd98dWpWrfu/9g+6Hz6PGTpzu13WcXghc5Jh3ME55fRkiQhDLSkVQm5DLLCUqjhHSj6/dlv3tDckE5O5fjjIQpGjI6oBhJU+rvVr4HtzQmIySV4lr3JXgHnCAiQ8oUNv </latexit><latexit sha1_base64="EcGGEA/BhEg6wB/9+NxnEc0g5xM=">AAAE1XicrZNNb9MwGMezNsAIL+vgyMWiQhpiVHHXLekBaRIXLpuGtK6TmqxyHLe1ltghdjYqyzfElY/FZ+CLcMbpi6AvsB6wEuWv5/k/9l8/xVGWUCFd98dWpWrfu/9g+6Hz6PGTpzu13WcXghc5Jh3ME55fRkiQhDLSkVQm5DLLCUqjhHSj6/dlv3tDckE5O5fjjIQpGjI6oBhJU+rvVr4HtzQmIySV4lr3JXgHnCAiQ8oUNv </latexit>



bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Baseline
filter block 2

Baseline
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 2

Simplified
filter block 5…

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

b-NSF

s-NSF

hn-NSF

simplification

improvement

Baseline
filter block 1

Simplified
filter block 1

Simplified
filter block 1
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NEURAL SOURCE-FILTER MODEL
Harmonic-plus-noise NSF
q Version I: pre-defined filters coefficients

• Select one pair of HP-LP filters based on u/v flag

Noise component Harmonic component

bot =

8
><

>:

a0bo(n)t + a1bo(n)t�1 + · · ·+ aMbo(n)t�M + b0bo(h)t + b1bo(h)t�1 + · · ·+ bNbo(h)t�N , t is voiced

c0bo(n)t + c1bo(n)t�1 + · · ·+ cMbo(n)t�M + d0bo(h)t + d1bo(h)t�1 + · · ·+ dNbo(h)t�N , t is unvoiced
<latexit sha1_base64="EcGGEA/BhEg6wB/9+NxnEc0g5xM=">AAAE1XicrZNNb9MwGMezNsAIL+vgyMWiQhpiVHHXLekBaRIXLpuGtK6TmqxyHLe1ltghdjYqyzfElY/FZ+CLcMbpi6AvsB6wEuWv5/k/9l8/xVGWUCFd98dWpWrfu/9g+6Hz6PGTpzu13WcXghc5Jh3ME55fRkiQhDLSkVQm5DLLCUqjhHSj6/dlv3tDckE5O5fjjIQpGjI6oBhJU+rvVr4HtzQmIySV4lr3JXgHnCAiQ8oUNv </latexit><latexit sha1_base64="EcGGEA/BhEg6wB/9+NxnEc0g5xM=">AAAE1XicrZNNb9MwGMezNsAIL+vgyMWiQhpiVHHXLekBaRIXLpuGtK6TmqxyHLe1ltghdjYqyzfElY/FZ+CLcMbpi6AvsB6wEuWv5/k/9l8/xVGWUCFd98dWpWrfu/9g+6Hz6PGTpzu13WcXghc5Jh3ME55fRkiQhDLSkVQm5DLLCUqjhHSj6/dlv3tDckE5O5fjjIQpGjI6oBhJU+rvVr4HtzQmIySV4lr3JXgHnCAiQ8oUNv </latexit><latexit sha1_base64="EcGGEA/BhEg6wB/9+NxnEc0g5xM=">AAAE1XicrZNNb9MwGMezNsAIL+vgyMWiQhpiVHHXLekBaRIXLpuGtK6TmqxyHLe1ltghdjYqyzfElY/FZ+CLcMbpi6AvsB6wEuWv5/k/9l8/xVGWUCFd98dWpWrfu/9g+6Hz6PGTpzu13WcXghc5Jh3ME55fRkiQhDLSkVQm5DLLCUqjhHSj6/dlv3tDckE5O5fjjIQpGjI6oBhJU+rvVr4HtzQmIySV4lr3JXgHnCAiQ8oUNv </latexit><latexit sha1_base64="EcGGEA/BhEg6wB/9+NxnEc0g5xM=">AAAE1XicrZNNb9MwGMezNsAIL+vgyMWiQhpiVHHXLekBaRIXLpuGtK6TmqxyHLe1ltghdjYqyzfElY/FZ+CLcMbpi6AvsB6wEuWv5/k/9l8/xVGWUCFd98dWpWrfu/9g+6Hz6PGTpzu13WcXghc5Jh3ME55fRkiQhDLSkVQm5DLLCUqjhHSj6/dlv3tDckE5O5fjjIQpGjI6oBhJU+rvVr4HtzQmIySV4lr3JXgHnCAiQ8oUNv </latexit>

Voiced 
sounds

Unvoiced 
sounds
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NEURAL SOURCE-FILTER MODEL
Harmonic-plus-noise NSF
q Version II: predicted filter coefficients

bot = at,0bo(n)t + at,1bo(n)t�1 + · · ·+ at,Mbo(n)t�M + bt,0bo(h)t + bt,1bo(h)t�1 + · · ·+ bt,Nbo(h)t�N
<latexit sha1_base64="JaIRccfSsWInDh3K9WMHvXWQ96U="></latexit><latexit sha1_base64="JaIRccfSsWInDh3K9WMHvXWQ96U="></latexit><latexit sha1_base64="JaIRccfSsWInDh3K9WMHvXWQ96U="></latexit><latexit sha1_base64="JaIRccfSsWInDh3K9WMHvXWQ96U="></latexit>

Noise component Harmonic component

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

Condition module for hn-NSF

Windowed-Sinc filtersf (c)
t

<latexit sha1_base64="m+Q8mSsUDe8npYEkaOfP6tATrXE=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzJTBV0W3LisYB/QjiWTybSheYxJRilhvkNwpX/iTty680dcm2m70NYDIYdz7uUeTphQorTnfTmFldW19Y3iZmlre2d3r7x/0FYilQi3kKBCdkOoMCUctzTRFHcTiSELKe6E46vc7zxgqYjgt3qS4IDBIScxQVBbKTBxNjA6uzNVdJoNyhWv5k3hLhN/Tipgjuag/N2PBEoZ5hpRqFTP9xIdGCg1QRRnpX6qcALRGA5xz1IOGVaBmYbO3BOrRG4spH1cu1P194aBTKkJC+0kg3qkFr1c/M/rpTq+DAzhSaoxR7NDcUpdLdy8ATciEiNNJ5ZAJInN6qIRlBBp21Opz/EjEoxBHpl+qLKeH9hf0CjPIqip+FlelL9YyzJp12v+Wa1+c15p+PPKiuAIHIMq8MEFaIBr0AQtgMA9eAIv4NV5dt6cd+djNlpw5juH4A+czx96x6Fo</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

bo(n)1:T
<latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit><latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit><latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit><latexit sha1_base64="aAsQAIXB82iT962H1WxtlN1SbLk="></latexit>

bo(h)1:T
<latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit><latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit><latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit><latexit sha1_base64="9EJLIQGuqz85Dk3utXPoubwARnA="></latexit>
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NEURAL SOURCE-FILTER MODEL

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

u/v flag

Condition module for hn-NSF

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

Condition module for hn-NSF

Pre-defined MVFs 



Predicted MVFs 
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NEURAL SOURCE-FILTER MODEL

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

u/v flag

Condition module for hn-NSF

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

Condition module for hn-NSF

Pre-defined MVFs 



Pre-defined MVFs 

Predicted MVFs 
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NEURAL SOURCE-F ILTER M ODEL

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

u/v flag

Condition module for hn-NSF

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

CondiAon module for hn-NSF
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NEURAL SOURCE-FILTER MODEL

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

u/v flag

CondiAon module for hn-NSF

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

Condition module for hn-NSF
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NEURAL SOURCE-FILTER MODEL
Harmonic-plus-noise NSF
q Version I: choose MVF based on u/v

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

u/v flag

Condition module for hn-NSF

Voiced 
sounds

Unvoiced 
sounds
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NEURAL SOURCE-FILTER MODEL
Harmonic-plus-noise NSF
q Version II: predict MVF from input features

• Forward and backward propagafon (SSW paper secfon 3)

MVF f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 5

Simplified
filter block 5

noise
+

HP

LP

Condition module for hn-NSF

sinc Hamming 
window

Gain 
norm.

h(p)
t

<latexit sha1_base64="M1oIBag6FsjeqGa8M1xXK8rtVf8=">AAACHXicbVDLSgMxFM3UV62vUZduBotQN2WmCrosuHFZwT6gHUsmk7aheQxJplLC/IngSv/EnbgVf8S1mbYLbT0QcjjnXu7hRAklSvv+l1NYW9/Y3Cpul3Z29/YP3MOjlhKpRLiJBBWyE0GFKeG4qYmmuJNIDFlEcTsa3+R+e4KlIoLf62mCQwaHnAwIgtpKfdftRcqMsr7R2YOpJOdZ3y37VX8Gb5UEC1IGCzT67ncvFihlmGtEoVLdwE90aKDUBFGclXqpwglEYzjEXUs5ZFiFZpY8886sEnsDIe3j2pupvzcMZEpNWWQnGdQjtezl4n9eN9WD69AQnqQaczQ/NEipp4WX1+DFRGKk6dQSiCSxWT00ghIibcsq9Th+RIIxyGNjC8q6QWh/QeM8i6CmHGR5UcFyLaukVasGF9Xa3WW5HiwqK4ITcAoqIABXoA5uQQM0AQIT8ARewKvz7Lw5787HfLTgLHaOwR84nz+JUaL3</latexit>

h(a)
t

<latexit sha1_base64="7wCGAaI5y7ySSTgqi+NgRjPdIdk=">AAACHXicbVDLSgMxFM3UV62vUZduBotQN2WmCrosuHFZwT6gHUsmk7aheQxJplLC/IngSv/EnbgVf8S1mbYLbT0QcjjnXu7hRAklSvv+l1NYW9/Y3Cpul3Z29/YP3MOjlhKpRLiJBBWyE0GFKeG4qYmmuJNIDFlEcTsa3+R+e4KlIoLf62mCQwaHnAwIgtpKfdftRcqMsr7R2YOpwPOs75b9qj+Dt0qCBSmDBRp997sXC5QyzDWiUKlu4Cc6NFBqgijOSr1U4QSiMRzirqUcMqxCM0ueeWdWib2BkPZx7c3U3xsGMqWmLLKTDOqRWvZy8T+vm+rBdWgIT1KNOZofGqTU08LLa/BiIjHSdGoJRJLYrB4aQQmRtmWVehw/IsEY5LGxBWXdILS/oHGeRVBTDrK8qGC5llXSqlWDi2rt7rJcDxaVFcEJOAUVEIArUAe3oAGaAIEJeAIv4NV5dt6cd+djPlpwFjvH4A+czx9wW6Lo</latexit>

HP

LP

f (c)
t

<latexit sha1_base64="m+Q8mSsUDe8npYEkaOfP6tATrXE=">AAACGHicbVDLSgMxFM3UV62vqks3g0WomzJTBV0W3LisYB/QjiWTybSheYxJRilhvkNwpX/iTty680dcm2m70NYDIYdz7uUeTphQorTnfTmFldW19Y3iZmlre2d3r7x/0FYilQi3kKBCdkOoMCUctzTRFHcTiSELKe6E46vc7zxgqYjgt3qS4IDBIScxQVBbKTBxNjA6uzNVdJoNyhWv5k3hLhN/Tipgjuag/N2PBEoZ5hpRqFTP9xIdGCg1QRRnpX6qcALRGA5xz1IOGVaBmYbO3BOrRG4spH1cu1P194aBTKkJC+0kg3qkFr1c/M/rpTq+DAzhSaoxR7NDcUpdLdy8ATciEiNNJ5ZAJInN6qIRlBBp21Opz/EjEoxBHpl+qLKeH9hf0CjPIqip+FlelL9YyzJp12v+Wa1+c15p+PPKiuAIHIMq8MEFaIBr0AQtgMA9eAIv4NV5dt6cd+djNlpw5juH4A+czx96x6Fo</latexit>

@L
@f(c)

t
<latexit sha1_base64="Bm+oJEd1yRVE9+ZQjE3e0AOGRTA="></latexit>
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INTRODUCTION
Autoregressive (AR) model

1 2 3 4 T…

…

…

c1 c2 cNc3

o1 o2 o3 o4 oT

1 2 3

p(o1:T |c1:N ;⇥) =
TY

t=1

p(ot|o1:t�1, c1:N ;⇥)

• Powerful model
! Slow generafon speed
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INTRODUCTION
Normalizing flow + knowledge distilling

1 2 3 4 T…

…

…

c1 c2 cNc3

1 2 3

bo1 bo2 bo3 bo4 boT

Teacher AR WaveNet

• Fast generation
! Complicated model
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NEURAL SOURCE-FILTER MODEL

1 2 3 4 T…

c1 …c2 cNc3

Idea 1: spectral domain criterion

• Avoid naïve model assumption
• Differentiable & efficient computation

…

Generated
waveform

Natural 
waveform 1 2 3 4 T

o1 o2 o3 o4 oT

Short-time Fourier transform

Short-time Fourier transform

Spectral amplitude error
Gradients
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SUMMARY
Recent work
q Input F0?

• VCTK corpus, Mel-spectrogram + F0
• Samples generated from NSF, by changing F0 only

F0 0.5 * F0 2.0 * F0
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SUMMARY
Recent work
q Input F0?

• https://arxiv.org/abs/1904.12088
• Same Mel-spec., different F0 input

NSFF0 contour a
Natural Mel-spec.

NSFF0 contour b
Natural Mel-spec.

NSFF0 contour c
Natural Mel-spec.

Waveform 1

Waveform 2

Waveform 3

F0 contour 1

F0 contour 4

F0 contour 5

F0 contour from Mel-spec.

Corr. ~1.0

Corr. ~0.9

F0 
model

Random 
sampling

https://arxiv.org/abs/1904.12088
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SUMMARY
Recent work
q Input F0?

• https://arxiv.org/abs/1904.12088
• Same Mel-spec., different F0 input

• Not easy to control F0 of generated waveforms from WaveNet

WaveNetF0 contour a
Natural Mel-spec.

WaveNetF0 contour b
Natural Mel-spec.

WaveNetF0 contour c
Natural Mel-spec.

Waveform 1

Waveform 2

Waveform 3

F0 contour 1

F0 contour 4

F0 contour 5

F0 contour from Mel-spec. Corr. ~0.97

Corr. ~0.92

F0 
model

Random 
sampling

https://arxiv.org/abs/1904.12088
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Spectrogram of ‘noise’ component

Spectrogram of ‘harmonic’ component



HNM + FIR filters
q Deterministic filter selection

WAVEFORM MODELING

e33
e21e10

65

Learning curve



Natural
Original NSF Simplified NSF Simplified & 

improved NSF

MGC + F0 Mel-spec 
+ F0 MGC + F0 Mel-spec 

+ F0 MGC + F0 Mel-spec 
+ F0

Samples (16kHz waveform, natural acoustic features)

• Natural MGC / Mel-spectrogram 
• Natural F0

66

SUMMARY



Natural
Original NSF Simplified NSF Simplified & 

improved NSF

MGC + F0 Mel-spec 
+ F0 MGC + F0 Mel-spec 

+ F0 MGC + F0 Mel-spec 
+ F0

Samples (16kHz waveform, text-to-speech)

• Predicted MGC / Mel-spectrogram from text
• Natural F0

67

SUMMARY
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NEURAL SOURCE-FILTER MODEL
Training criterion

• Different frame shifts / window lengths / FFT points
• Homogenous distances
•

o1:T
<latexit sha1_base64="Zdo4chTHCwn14pjLpVsfBBJdHB4=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJpG1oHkOSUcowvyG40j9xJ25d+iOuzbSz0NYDIYdz7uUeThgzqo3nfTmltfWNza3ydmVnd2//oHp41NUyUZh0sGRS9UOkCaOCdAw1jPRjRRAPGemF09vc7z0QpakUbTOLScDRWNARxchYyfdDncpsmMKbdjas1ry6N4e7SmBBaqBAa1j99iOJE06EwQxpPYBebIIUKUMxI1nFTzSJEZ6iMRlYKhAnOkjnmTP3zCqRO5LKPmHcufp7I0Vc6xkP7SRHZqKXvVz8zxskZnQdpFTEiSECLw6NEuYa6eYFuBFVBBs2swRhRW1WF0+QQtjYmiq+II9Yco5ElNpysgEM7C9ZlGeRLK3BLC8KLteySrqNOryoN+4va01YVFYGJ+AUnAMIrkAT3IEW6AAMYvAEXsCr8+y8Oe/Ox2K05BQ7x+APnM8fcpyg2Q==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

FFTFraming FFT Framing

iFFT De-framing

FFTFraming FFT Framing

iFFT De-framing

FFTFraming FFT Framing

iFFT De-framing + @L
@bo1:T

<latexit sha1_base64="1GNg75a6OFSZy8EZkul/co3oJUs="></latexit>

Ls1
<latexit sha1_base64="x1gx+T1Dhehwoj16geydoykvrmg=">AAACHXicbVDLSgMxFM3UV62vUZduBovgqkyqoMuCGxcuKtgHdIaSyaRtaB5DkqmUYf5EcKV/4k7cij/i2kzbhbYeCDmccy/3cKKEUW18/8spra1vbG6Vtys7u3v7B+7hUVvLVGHSwpJJ1Y2QJowK0jLUMNJNFEE8YqQTjW8KvzMhSlMpHsw0ISFHQ0EHFCNjpb7rBhyZEUYsu8v7mYZ53636NX8Gb5XABamCBZp99zuIJU45EQYzpHUP+okJM6QMxYzklSDVJEF4jIakZ6lAnOgwmyXPvTOrxN5AKvuE8Wbq740Mca2nPLKTRU697BXif14vNYPrMKMiSQ0ReH5okDLPSK+owYupItiwqSUIK2qzeniEFMLGllUJBHnEknMk4iyIdN6Dof0li4sskmVVmBdFweVaVkm7XoMXtfr9ZbUBF5WVwQk4BecAgivQALegCVoAgwl4Ai/g1Xl23px352M+WnIWO8fgD5zPH4rQovk=</latexit>

Ls2
<latexit sha1_base64="sfZ3oJA7RDTqYUJsaTXhEqjWK5c=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSC4KkkVdFlw48JFBfuAJJTJZNoOnUeYmVRKyJ8IrvRP3Ilb8UdcO2m70NYDwxzOuZd7OHFKidKe92VV1tY3Nreq27Wd3b39A/vwqKNEJhFuI0GF7MVQYUo4bmuiKe6lEkMWU9yNxzel351gqYjgD3qa4ojBIScDgqA2Ut+2Qwb1CEGa3xX9XDWKvu16dW8GZ5X4C+KCBVp9+ztMBMoY5hpRqFTge6mOcig1QRQXtTBTOIVoDIc4MJRDhlWUz5IXzplREmcgpHlcOzP190YOmVJTFpvJMqda9krxPy/I9OA6yglPM405mh8aZNTRwilrcBIiMdJ0aghEkpisDhpBCZE2ZdVCjh+RYAzyJA9jVQR+ZH5BkzKLoLnrF2VR/nItq6TTqPsX9cb9pdv0F5VVwQk4BefAB1egCW5BC7QBAhPwBF7Aq/VsvVnv1sd8tGItdo7BH1ifP4x5ovo=</latexit>

Ls3
<latexit sha1_base64="Fjlfrl8/dA0kXzoR0UQazAWXSbA=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSC4Kkkr6LLgxoWLCrYVklAmk2k7dB5hZlIpIX8iuNI/cSduxR9x7aTtQlsPDHM4517u4cQpJUp73pdVWVvf2Nyqbtd2dvf2D+zDo64SmUS4gwQV8iGGClPCcUcTTfFDKjFkMcW9eHxd+r0JlooIfq+nKY4YHHIyIAhqI/VtO2RQjxCk+W3Rz1Wz6NuuV/dmcFaJvyAuWKDdt7/DRKCMYa4RhUoFvpfqKIdSE0RxUQszhVOIxnCIA0M5ZFhF+Sx54ZwZJXEGQprHtTNTf2/kkCk1ZbGZLHOqZa8U//OCTA+uopzwNNOYo/mhQUYdLZyyBichEiNNp4ZAJInJ6qARlBBpU1Yt5PgRCcYgT/IwVkXgR+YXNCmzCJq7flEW5S/Xskq6jbrfrDfuLtyWv6isCk7AKTgHPrgELXAD2qADEJiAJ/ACXq1n6816tz7moxVrsXMM/sD6/AGOIqL7</latexit>

@L
@bo1:T

=
@Ls1

@bo1:T
+

@Ls2

@bo1:T
+

@Ls3

@bo1:T
<latexit sha1_base64="Q6PaIFH9DzOHQFTkCvxb+aFVk/M="></latexit>

L = Ls1 + Ls2 + Ls3
<latexit sha1_base64="FgdmaGZz8wDQzaL9ZNzb/sgNNKs="></latexit>



bo1:To1:T DFT
Framing/

windowing DFT
Framing/

windowing
Generated 
waveform

Natural 
waveform L

by(n) bx(n)y(n)x(n)

bo1
bo2
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Training criterion
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Implementation issue
q WaveNet memory consumption in generation

• Only allocate GPU memory for generating 1 waveform point
• For t = 1 : T,  reuse the memory space
• Check: http://tonywangx.github.io/pdfs/CURRENNT_WAVENET.pdf (pp.44-55)
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PART 3

Condition

GPU Memory for 
neural network in 

theory

Number of 
layers

Waveform length

Condition

CNN stacks

Memory for 1 time step

N time steps
(N = dilation size)Implementation

WaveNet

http://tonywangx.github.io/pdfs/CURRENNT_WAVENET.pdf


Implementation issue
q NSF normal node

• Normal mode: allocate GPU memory for all layers and all time steps
• GPU memory consumption is large for long waveforms
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Implementation issue
q NSF memory-save node

• Memory-save mode: 
• Allocate GPU memory for the current layer and all previous 

layers it depends on 
• Release GPU memory when one layer is no longer needed

• GPU memory consumption is small 74
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Implementation issue
q NSF memory-save node
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PART 3

Condition

GPU Memory for 
neural network in 

theory

Number of 
layers

Waveform length

Condition

CNN stacks

Memory-save mode: 
Function __computeGenPass_LayerByLayer_mem

Build layer-dependency graph
For layer_n = 1 : L

Allocate GPU memory and compute layer_n’s output
For layer_m = 1 : layer_n where layer_m’s output is input to layer_n

If layer_m is no longer needed by any layer, release memory of layer_m

NSF

Implementation



Speech quality (ICASSP)

• 245 paid evaluators,  1450 evaluation sets
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PRACTICE: COMPARISON

Natural WOR WAD WAC NSF
1

2

3

4

5

Q
ua

lit
y

(M
O

S
)

Copy-synthesis
Pipeline TTS

WaveNet
softmax

b-NSF hn-NSF
trainable MVF

WaveNet
Gaussian

s-NSF hn-NSF
fixed MVF

WORLD 
vocoder

WORLD 
vocoder

WaveNet
softmax

WaveNet
Gaussian

b-NSF

☛ Samples, models, codes: https://nii-yamagishilab.github.io/samples-nsf/nsf-v1.html

https://nii-yamagishilab.github.io/samples-nsf/nsf-v1.html


Speech quality (Journal paper submitted)

• >150 paid evaluators
• s-NSF did badly on unvoiced sounds
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PRACTICE: COMPARISON

WaveNet
softmax

b-NSF
s-NSF

hn-NSF
fixed MVF

☛ Samples, models, codes: https://nii-yamagishilab.github.io/samples-nsf/nsf-v2.html

WaveNet
softmax

b-NSF hn-NSF
trainable MVF

WaveNet
Gaussian

s-NSF hn-NSF
fixed MVF

WORLD 
vocoder

https://nii-yamagishilab.github.io/samples-nsf/nsf-v1.html


Speech quality (SSW 2019)

• >150 paid evaluators

78☛ Samples, models, codes: https://nii-yamagishilab.github.io/samples-nsf/nsf-v3.html

PRACTICE: COMPARISON

■ Copy-synthesis
■ Pipeline TTS

WaveNet
softmax

b-NSF hn-NSF
trainable MVF

WaveNet
Gaussian

s-NSF hn-NSF
fixed MVF

WORLD 
vocoder

WaveNet
softmax

hn-NSF
trainable MVF

hn-NSF
fixed MVF

Natural

https://nii-yamagishilab.github.io/samples-nsf/nsf-v3.html


Test 2: Ablation test
q One more corpus

q Copy-synthesis

79[2] J. Kominek and A. W. Black. The cmu arctic speech databases. In Fifth ISCA workshop on speech synthesis, 2004.

Corpus Size Note
CMU-arctic SLT [2] 0.83 hours 16kHz, English

Feature Dimension

Acoustic
Mel-spectrogram 80

F0 1

EXPERIMENTS



Test 2: Ablation test
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EXPERIMENTS

Natural NSF

ATR Ximera
F009

CMU-arctic
SLT

Spectral features & F0 

Condition module

Source module Filter module

Spectral distanceNatural 
waveform

Generated
waveform

F0 infor. Spectral infor. 

☛ Samples, models, codes: https://nii-yamagishilab.github.io/samples-nsf/index.html

https://nii-yamagishilab.github.io/samples-nsf/index.html


Natural NSF NSF w/o sine excitation

ATR Ximera
F009

CMU-arctic
SLT

Test 2: Ablation test
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EXPERIMENTS

Spectral features & F0 

Condition module

Gaussian noise Filter module

Spectral distanceNatural 
waveform

Generated
waveform

Spectral infor. 

☛ Samples, models, codes: https://nii-yamagishilab.github.io/samples-nsf/index.html

https://nii-yamagishilab.github.io/samples-nsf/index.html
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FFTFraming FFT Framing

iDFT De-framing

FFTFraming FFT Framing

iDFT De-framing

FFTFraming FFT Framing

iDFT De-framing + @L
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Test 2: Ablation test
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EXPERIMENTS

Ls1: frame shift 5ms, window length 20ms

Natural NSF NSF only Ls1

ATR Ximera
F009

CMU-arctic
SLT

☛ Samples, models, codes: https://nii-yamagishilab.github.io/samples-nsf/index.html

https://nii-yamagishilab.github.io/samples-nsf/index.html
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FFTFraming FFT Framing

iDFT De-framing
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Test 2: Ablation test
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EXPERIMENTS

Natural NSF NSF only Ls1 NSF Ls1+Ls2

ATR Ximera
F009

CMU-arctic
SLT

Ls1: frame shift 5ms, window length 20ms
Ls2: frame shift 2.5ms, window length 5ms

☛ Samples, models, codes: https://nii-yamagishilab.github.io/samples-nsf/index.html

https://nii-yamagishilab.github.io/samples-nsf/index.html


Natural NSF NSF w/o ‘residual’ 
connection in filter module

F009

CMU-arctic

Test 2: Ablation test
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EXPERIMENTS

Filter block

Dilated 
CONV +

Tanh
Sigmoid * FF

FF
FF

+
Dilated 
CONV +

Tanh
Sigmoid * FF

FF
+

… FF+ x� b+ ax1:T

y1:Ta1:T

b1:Tc̃1:T c̃1:T

https://nii-yamagishilab.github.io/samples-nsf/index.html

https://nii-yamagishilab.github.io/samples-nsf/index.html
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Condition module

Source module
e1:T
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block 1
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block 2
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block 3

Filter 
block 4

Filter 
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EXPERIMENTS

Condition module

Source module
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit> Filter 
block 1

Filter 
block 2

Filter 
block 3

Filter 
block 4

Filter 
block 5 bo1:T

<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>
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EXPERIMENTS

Condition module

Source module
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit> Filter 
block 1

Filter 
block 2

Filter 
block 3

Filter 
block 4

Filter 
block 5 bo1:T

<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>
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EXPERIMENTS

Condition module

Source module
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit> Filter 
block 1

Filter 
block 2

Filter 
block 3

Filter 
block 4

Filter 
block 5 bo1:T

<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>
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EXPERIMENTS

Condition module

Source module
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit> Filter 
block 1

Filter 
block 2

Filter 
block 3

Filter 
block 4

Filter 
block 5 bo1:T

<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>
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EXPERIMENTS

Condition module

Source module
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit> Filter 
block 1

Filter 
block 2

Filter 
block 3

Filter 
block 4

Filter 
block 5 bo1:T

<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>
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EXPERIMENTS

Spectral features & F0 

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics

Up samplingBi-LSTM CONV Cat.F0

MVF
f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

Simplified
filter block 5noise

+

HP

LP
Simplified

filter block 5

Condition module for proposed hn-NSF

Source module

Waveform generation: step by step

e1:T
<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>
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EXPERIMENTS

Spectral features & F0 

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Up samplingBi-LSTM CONV Cat.F0

MVF
f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

Simplified
filter block 5noise

+

HP

LP
Simplified

filter block 5

Condition module for proposed hn-NSF

Source module

Waveform generation: step by step
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EXPERIMENTS

Spectral features & F0 

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Up samplingBi-LSTM CONV Cat.F0

MVF
f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

Simplified
filter block 5noise

+

HP

LP
Simplified

filter block 5

Condition module for proposed hn-NSF

Source module

Waveform generation: step by step
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EXPERIMENTS

Spectral features & F0 

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Up samplingBi-LSTM CONV Cat.F0

MVF
f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

Simplified
filter block 5noise

+

HP

LP
Simplified

filter block 5

Condition module for proposed hn-NSF

Source module

Waveform generation: step by step
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EXPERIMENTS

Spectral features & F0 

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Up samplingBi-LSTM CONV Cat.F0

MVF
f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

Simplified
filter block 5noise

+

HP

LP
Simplified

filter block 5

Condition module for proposed hn-NSF

Source module

Waveform generation: step by step
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EXPERIMENTS

Spectral features & F0 

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Up samplingBi-LSTM CONV Cat.F0

MVF
f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

Simplified
filter block 5noise

+

HP

LP
Simplified

filter block 5

Condition module for proposed hn-NSF

Source module

Waveform generation: step by step
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EXPERIMENTS

Spectral features & F0 

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Up samplingBi-LSTM CONV Cat.F0

MVF
f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

Simplified
filter block 5noise

+

HP

LP
Simplified

filter block 5

Condition module for proposed hn-NSF

Source module

Waveform generation: step by step
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EXPERIMENTS

Spectral features & F0 

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Up samplingBi-LSTM CONV Cat.F0

MVF
f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

Simplified
filter block 5noise

+

HP

LP
Simplified

filter block 5

Condition module for proposed hn-NSF

Source module

Waveform generation: step by step
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EXPERIMENTS

Spectral features & F0 

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Up samplingBi-LSTM CONV Cat.F0

MVF
f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

Simplified
filter block 5noise

+

HP

LP
Simplified

filter block 5

Condition module for proposed hn-NSF

Source module
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EXPERIMENTS

Spectral features & F0 

Up sampling

f1:T
<latexit sha1_base64="K9BwiiN/OhVUOctXFHZbdb+27uI=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3Lis0Bd0hpLJZNrQPIYko5RhfkNwpX/iTty69Edcm2m70NYDIYdz7uUeTpgwqo3nfTmltfWNza3ydmVnd2//oHp41NUyVZh0sGRS9UOkCaOCdAw1jPQTRRAPGemFk9vC7z0QpakUbTNNSMDRSNCYYmSs5PuhzuJ8mMGbdj6s1ry6N4O7SuCC1MACrWH1248kTjkRBjOk9QB6iQkypAzFjOQVP9UkQXiCRmRgqUCc6CCbZc7dM6tEbiyVfcK4M/X3Roa41lMe2kmOzFgve4X4nzdITXwdZFQkqSECzw/FKXONdIsC3Igqgg2bWoKwojari8dIIWxsTRVfkEcsOUciymw5+QAG9pcsKrJIltVgXhQFl2tZJd1GHV7UG/eXtSZcVFYGJ+AUnAMIrkAT3IEW6AAMEvAEXsCr8+y8Oe/Ox3y05Cx2jsEfOJ8/Y3Wg0A==</latexit>

c1:B
<latexit sha1_base64="3N+u2gMe05MOkcO5W+Fud9Nm4n0=">AAACF3icbVDLSgMxFM3UV62vqks3g0VwVSZVUFwV3bisYB/QGUomk7aheQxJRinD/IbgSv/Enbh16Y+4NtPOQlsPhBzOuZd7OGHMqDae9+WUVlbX1jfKm5Wt7Z3dver+QUfLRGHSxpJJ1QuRJowK0jbUMNKLFUE8ZKQbTm5yv/tAlKZS3JtpTAKORoIOKUbGSr4f6hRngxReXWeDas2rezO4ywQWpAYKtAbVbz+SOOFEGMyQ1n3oxSZIkTIUM5JV/ESTGOEJGpG+pQJxooN0ljlzT6wSuUOp7BPGnam/N1LEtZ7y0E5yZMZ60cvF/7x+YoaXQUpFnBgi8PzQMGGukW5egBtRRbBhU0sQVtRmdfEYKYSNraniC/KIJedIRKktJ+vDwP6SRXkWydIazPKi4GIty6TTqMOzeuPuvNaERWVlcASOwSmA4AI0wS1ogTbAIAZP4AW8Os/Om/PufMxHS06xcwj+wPn8AUCGoLs=</latexit>

Noise
FFSine 

generator

harmonics
e1:T

<latexit sha1_base64="zTWQWZ7+uXB+hzOuzEMbzOYho0w=">AAACF3icbVDLSsNAFJ3Ud31VXboJFsFVyVRBcVVw41KhrUITymRyq4PzCDMTpYT8huBK/8SduHXpj7h2UrPQ1gPDHM65l3s4ccqZsUHw6dXm5hcWl5ZX6qtr6xubja3tvlGZptCjiit9HRMDnEnoWWY5XKcaiIg5XMV3Z6V/dQ/aMCW7dpxCJMiNZCNGiXVSGMYmh2KY49NuMWw0g1YwgT9LcEWaqMLFsPEVJopmAqSlnBgzwEFqo5xoyyiHoh5mBlJC78gNDByVRICJ8knmwt93SuKPlHZPWn+i/t7IiTBmLGI3KYi9NdNeKf7nDTI7OolyJtPMgqQ/h0YZ963yywL8hGmglo8dIVQzl9Wnt0QTal1N9VDCA1VCEJnkrpxigCP3K56UWRTPm7goi8LTtcySfruFD1vty6NmB1eVLaNdtIcOEEbHqIPO0QXqIYpS9Iie0Yv35L16b977z2jNq3Z20B94H99hxqDP</latexit>

Up samplingBi-LSTM CONV Cat.F0

MVF
f (c)
1:T

<latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit><latexit sha1_base64="g3MRQH4ek6fUfe1Fchcn+ndJ688=">AAACH3icbVDLSgMxFM34tr5qXboZLELdlIkIiquCG5cK9gHtWDKZTBuax5Bk1BLmVwRX+ifuxK0/4tpM24W2Hgg5nHMv93CilFFtguDLW1peWV1b39gsbW3v7O6V9ystLTOFSRNLJlUnQpowKkjTUMNIJ1UE8YiRdjS6Kvz2A1GaSnFnxikJORoImlCMjJP65Uov0jbJ+xZe3uX3toZP8n65GtSDCfxFAmekCma46Ze/e7HEGSfCYIa07sIgNaFFylDMSF7qZZqkCI/QgHQdFYgTHdpJ9tw/dkrsJ1K5J4w/UX9vWMS1HvPITXJkhnreK8T/vG5mkovQUpFmhgg8PZRkzDfSL4rwY6oINmzsCMKKuqw+HiKFsHF1lXqCPGLJORKxdRXlXRi6X7K4yCKZrcK8KArO17JIWqd1GNTh7Vm1AWeVbYBDcARqAIJz0ADX4AY0AQZP4Bm8gjfvxXv3PrzP6eiSN9s5AH/gff0AP0mjQw==</latexit>

bo1:T
<latexit sha1_base64="KxFWR1LzsWCdrxhGGpbxNyO34eY=">AAACI3icbVC7SgNBFJ31GeMrKtjYLAbBKuyooFgJNpYRjAayS5idvUkG57HMzCph3Z8RrPRP7MTGwt+wdjam0MQDwxzOuZd7OHHKmbFB8OHNzM7NLyxWlqrLK6tr67WNzWujMk2hRRVXuh0TA5xJaFlmObRTDUTEHG7i2/PSv7kDbZiSV3aYQiRIX7Ieo8Q6qVvbDu9ZAgNi8zA2uSqKbo5Pr4purR40ghH8aYLHpI7GaHZrX2GiaCZAWsqJMR0cpDbKibaMciiqYWYgJfSW9KHjqCQCTJSP8hf+nlMSv6e0e9L6I/X3Rk6EMUMRu0lB7MBMeqX4n9fJbO8kyplMMwuS/hzqZdy3yi/L8BOmgVo+dIRQzVxWnw6IJtS6yqqhhHuqhCAyKdspOjhyv+JJmUXxvI6Lsig8Wcs0uT5o4MPGweVR/QyPK6ugHbSL9hFGx+gMXaAmaiGKHtAjekYv3pP36r157z+jM954Zwv9gff5DahPpag=</latexit>

c̃1:T
<latexit sha1_base64="qdVC3g5hM7CLRgXll40rAArNvnQ=">AAACIXicbVDLSgMxFM3Ud33Vx87NYBFclUkVFFcFNy4V2ip0hpLJ3NrQPIYko9Rh/kVwpX/iTtyJ/+HaTO3C14GQwzn3cg8nTjkzNgjevMrM7Nz8wuJSdXlldW29trHZNSrTFDpUcaWvYmKAMwkdyyyHq1QDETGHy3h0WvqXN6ANU7JtxylEglxLNmCUWCf1a9uhZTyBPIxNTouin+OTdtGv1YNGMIH/l+ApqaMpzvu1jzBRNBMgLeXEmB4OUhvlRFtGORTVMDOQEjoi19BzVBIBJson6Qt/zymJP1DaPWn9ifp9IyfCmLGI3aQgdmh+e6X4n9fL7OA4yplMMwuSfh0aZNy3yi+r8BOmgVo+doRQzVxWnw6JJtS6wqqhhFuqhCAyKdspejhyv+JJmUXxvI6Lsij8u5a/pNts4ING8+Kw3sLTyhbRDtpF+wijI9RCZ+gcdRBFd+gePaIn78F79l6816/Rijfd2UI/4L1/AtllpLQ=</latexit>

Simplified
filter block 1

Simplified
filter block 2 …

Simplified
filter block 5noise

+

HP

LP
Simplified

filter block 5

Condition module for proposed hn-NSF

Source module

Waveform generation: step by step



System 1 
q W_t is well trained

SINC-BASED H-NSF

101

wt = vt + 0.2 · rt
<latexit sha1_base64="VoDWJRBN7iqzoHxhpGUdbD5kO90="></latexit>

wt 2
(
(0.5, 0.9), voiced

(0.1, 0.5), unvoiced
<latexit sha1_base64="/AxXglGLWDdCVUiK0C9Ok120a6I="></latexit>

Epoch 001



System 1 
q W_t is well trained

SINC-BASED H-NSF

102

wt = vt + 0.2 · rt
<latexit sha1_base64="VoDWJRBN7iqzoHxhpGUdbD5kO90="></latexit>

wt 2
(
(0.5, 0.9), voiced

(0.1, 0.5), unvoiced
<latexit sha1_base64="/AxXglGLWDdCVUiK0C9Ok120a6I="></latexit>

Epoch 010



System 1 
q W_t is well trained

SINC-BASED H-NSF

103

wt = vt + 0.2 · rt
<latexit sha1_base64="VoDWJRBN7iqzoHxhpGUdbD5kO90="></latexit>

wt 2
(
(0.5, 0.9), voiced

(0.1, 0.5), unvoiced
<latexit sha1_base64="/AxXglGLWDdCVUiK0C9Ok120a6I="></latexit>

Epoch 020



System 1 
q W_t is well trained

SINC-BASED H-NSF

104

wt = vt + 0.2 · rt
<latexit sha1_base64="VoDWJRBN7iqzoHxhpGUdbD5kO90="></latexit>

wt 2
(
(0.5, 0.9), voiced

(0.1, 0.5), unvoiced
<latexit sha1_base64="/AxXglGLWDdCVUiK0C9Ok120a6I="></latexit>

Epoch 030



System 1 
q W_t is well trained

SINC-BASED H-NSF

105

wt = vt + 0.2 · rt
<latexit sha1_base64="VoDWJRBN7iqzoHxhpGUdbD5kO90="></latexit>

wt 2
(
(0.5, 0.9), voiced

(0.1, 0.5), unvoiced
<latexit sha1_base64="/AxXglGLWDdCVUiK0C9Ok120a6I="></latexit>

Epoch last



Harmonic plus stochastic
q Separate harmonics and noise excitation

• Successful training:

• Without batchnorm

WAVEFORM MODELING

Stochastic part

Harmonic part



Harmonic plus stochastic
q Separate harmonics and noise excitation

• Bad training: stochastic part plays the main role 

WAVEFORM MODELING

Stochastic part

Harmonic part
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BEYOND SPEECH
Music performance
q Training

• URPM dataset 
o ground-truth F0
o 13 instruments
o solo recording

• One model for all instruments

http://www2.ece.rochester.edu/projects/air/projects/URMP.html

NSFF0
Mel-spectra



Natural b-NSF S-NSF hn-NSF
trainable MVF

Voilin

Viola

Oboe

Trumpet

Saxphone

BEYOND SPEECH
Music performance
q Testing with natural Mel-spectra and F0 as input

WaveNet



Natural b-NSF S-NSF hn-NSF
trainable MVF

Horn

Trombone

Tuba

Clarinet

Flute

BEYOND SPEECH
Music performance
q Testing with natural Mel-spectra and F0 as input



NSF + acoustic models
TTS

112

Joint train DAR + 
NSF from scratch

Joint fine-tuning
DAR + NSF

1. Initialzie DAR
and NSF

2. Train post-net
Best PipelineNatural

Not better


