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• Baseline 1: NMF-based voice conversion 

• Baseline 2: INCA algorithm 

• Proposed: Nonparallel training of NMF-based voice conversion 

• Experiments

3
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• NMF acquires        and  
by minimizing divergence

4

[D. D. Lee+, 1999]

Given non-negative matrix

<latexit sha1_base64="VgD12Vnwy3VSEvyyXo93ef+ypeU=">AAAB6HicdY/NTsJAFIWn+If4V3XpppGNi6bpYBHckbhxiYkIBhoyHYYyMNNOOlMCaXgGNybGLY/hVl/Ct7EUumDh2dwvc8+9c48nGJXKtn+1ws7u3v5B8bB0dHxyeqafX7zIMI4waeGQhVHHQ5IwGpCWooqRjogI4h4jbW/ysOq3pySSNAye1VwQlyM/oEOKkUqf+rrVy3Z0I99zE9uyq85tpWqmUHMqlfoK7qr3tfqi1PN48rro6+XcZOQmIzcZ0LIzlcFGzb6+7A1CHHMSKMyQlF1oCzU2Y8GQIjM3GUsUKYoZSX+IJREIT5BPurEa1t2EBiJWJMDbvcGUChkgTqQpp/4aZhBm4CazLM/WRIK45EiNzLTKOfdMj5uckaGKqD9Si1IaKr/c+B/aFQs6FoRPTrnR3OQrgitwDW4ABDXQAI+gCVoAg3fwBb7Bj0a1N+1D+1xbC9pm5hJsSVv+AcKyifg=</latexit>

Y
<latexit sha1_base64="PIPEJ1FxlIhzhM7katl6S+Qw7+A="></latexit>

2 R�0,K⇥T

Base matrix

<latexit sha1_base64="3qaEK3O4QXy6xANbhs2DVodD/jw="></latexit>

2 R�0,K⇥N

<latexit sha1_base64="lmUZvtOS/rB8UB7fubbEv1YHmkU="></latexit>

2 R�0,N⇥T<latexit sha1_base64="GwBHaygCqlff/hbY+bJxiljwExA=">AAAB6HicdY+9bsIwFIUd+kfpX9qOXaKydIiihIZCN6QujFQqBQkiZBsTDHZixQ4CRTxDl0pVVx6ja/sSfZuGQAaGnuV+8j33+h4kGJXKtn+1wt7+weFR8bh0cnp2fqFfXr3KMI4waeOQhVEXQUkYDUhbUcVIV0QEcsRIB02f1v3OjESShsGLWgjicegHdEQxVOnTQLf62Y5e5CMvsS276t5XqmYKNbdSqa/hofpYqy9LfcST5nKgl3OTkZuM3GQ4lp2pDLZqDfRVfxjimJNAYQal7Dm2UBMzFgwqMveSiYSRopiR9IdYEgHxFPqkF6tR3UtoIGJFArzbG86okAHkRJpy5m9g7jgZeMk8y7MzkUAuOVRjM61ywZGJuMkZGamI+mO1LKWh8suN/6FTsRzXcpxnt9xobfMVwQ24BXfAATXQAE3QAm2AwTv4At/gR6Pam/ahfW6sBW07cw12pK3+AKv8iec=</latexit>

H

<latexit sha1_base64="0mPrB7d43BLb0hLKJCN2bigiFl8=">AAAB6HicdY/NTsJAFIWn/iL+VV26aWTjomlaLII7EjcuMbFCAg2ZGYYyMNNOOlMCaXgGNybGLY/hVl/Ct7EUumDh2dwvc8+9cw8SjEpl27/azu7e/sFh6ah8fHJ6dq5fXL7KKIkx8XDEoriDoCSMhsRTVDHSETGBHDHSRpPHVb89JbGkUfii5oL4HAYhHVIMVfbU161evqMbB8hPbcuuuXfVmplB3a1WGyu4rz3UG4tyD/HUW/T1SmEyCpNRmAzHsnNVwEatvr7sDSKccBIqzKCUXccWamwmgkFFZn46ljBWFDOS/ZBIIiCewIB0EzVs+CkNRaJIiLd7gykVMoScSFNOgzXMHCcHP53lebYmUsglh2pkZlXOOTIRNzkjQxXTYKQW5SxUcbnxP7SrluNajvPsVpqtTb4SuAY34BY4oA6a4Am0gAcweAdf4Bv8aFR70z60z7V1R9vMXIEtacs/vVqJ9A==</latexit>

U

Activation matrix

(Exemplars, Dictionary)

<latexit sha1_base64="bGtYikvCC72z5camUV7KdSaeglk=">AAAB6XicdY/NTsJAFIWn+If4V3XpppGNi6a2tQjuSNy4xESEBBoyHYYyMNNOOlNS0vAObkyMS30Mt/oQvo2l0AULz+Z+mXvunXs8TomQpvmrlLa2d3b3yvuVg8Oj4xP19OxZhHGEcBuFNIy6HhSYkgC3JZEUd3mEIfMo7njT+2W/M8ORIGHwJOccuwz6ARkRBGX2NFCv+/mOXuR7bmoaZs25sWt6BnXHthtLuK3d1RuLSh9yHoXJQK0WLq1waYVLswwzVxWs1RqoH/1hiGKGA4koFKJnmVxO9JhTKHHiphMBI0kQxdkXscAcoin0cS+Wo4abkoDHEgdoszecES4CyLDQxcxfQWJZObhpkgfamEghEwzKsZ5VMWee7jGdUTySEfHHclHJQhWXa/9DxzYsx7CsR6fabK3zlcEFuARXwAJ10AQPoAXaAIFX8AW+wY8yUV6UN+V9ZS0p65lzsCHl8w+Xhop8</latexit>⇡

<latexit sha1_base64="/BUTPnSfk7m49QoggQ2FU8s1EiY="></latexit>

D(Y |HU)

<latexit sha1_base64="GwBHaygCqlff/hbY+bJxiljwExA=">AAAB6HicdY+9bsIwFIUd+kfpX9qOXaKydIiihIZCN6QujFQqBQkiZBsTDHZixQ4CRTxDl0pVVx6ja/sSfZuGQAaGnuV+8j33+h4kGJXKtn+1wt7+weFR8bh0cnp2fqFfXr3KMI4waeOQhVEXQUkYDUhbUcVIV0QEcsRIB02f1v3OjESShsGLWgjicegHdEQxVOnTQLf62Y5e5CMvsS276t5XqmYKNbdSqa/hofpYqy9LfcST5nKgl3OTkZuM3GQ4lp2pDLZqDfRVfxjimJNAYQal7Dm2UBMzFgwqMveSiYSRopiR9IdYEgHxFPqkF6tR3UtoIGJFArzbG86okAHkRJpy5m9g7jgZeMk8y7MzkUAuOVRjM61ywZGJuMkZGamI+mO1LKWh8suN/6FTsRzXcpxnt9xobfMVwQ24BXfAATXQAE3QAm2AwTv4At/gR6Pam/ahfW6sBW07cw12pK3+AKv8iec=</latexit>

H
<latexit sha1_base64="0mPrB7d43BLb0hLKJCN2bigiFl8=">AAAB6HicdY/NTsJAFIWn/iL+VV26aWTjomlaLII7EjcuMbFCAg2ZGYYyMNNOOlMCaXgGNybGLY/hVl/Ct7EUumDh2dwvc8+9cw8SjEpl27/azu7e/sFh6ah8fHJ6dq5fXL7KKIkx8XDEoriDoCSMhsRTVDHSETGBHDHSRpPHVb89JbGkUfii5oL4HAYhHVIMVfbU161evqMbB8hPbcuuuXfVmplB3a1WGyu4rz3UG4tyD/HUW/T1SmEyCpNRmAzHsnNVwEatvr7sDSKccBIqzKCUXccWamwmgkFFZn46ljBWFDOS/ZBIIiCewIB0EzVs+CkNRaJIiLd7gykVMoScSFNOgzXMHCcHP53lebYmUsglh2pkZlXOOTIRNzkjQxXTYKQW5SxUcbnxP7SrluNajvPsVpqtTb4SuAY34BY4oA6a4Am0gAcweAdf4Bv8aFR70z60z7V1R9vMXIEtacs/vVqJ9A==</latexit>

U

matmul

NMF
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• Supposing input matrix is spectrogram, 
exemplars contain individuality and 
activity contains linguistic information

5

Time

Fr
eq

ue
nc

y

Fr
eq

ue
nc

y

Time

e l e n a a e l n

n
l
e
a

e l e n a

Spectrogram
Spectral exemplars 
≈ Speaker info.

Exemplar usage 
≈ Linguistic info.

<latexit sha1_base64="bGtYikvCC72z5camUV7KdSaeglk=">AAAB6XicdY/NTsJAFIWn+If4V3XpppGNi6a2tQjuSNy4xESEBBoyHYYyMNNOOlNS0vAObkyMS30Mt/oQvo2l0AULz+Z+mXvunXs8TomQpvmrlLa2d3b3yvuVg8Oj4xP19OxZhHGEcBuFNIy6HhSYkgC3JZEUd3mEIfMo7njT+2W/M8ORIGHwJOccuwz6ARkRBGX2NFCv+/mOXuR7bmoaZs25sWt6BnXHthtLuK3d1RuLSh9yHoXJQK0WLq1waYVLswwzVxWs1RqoH/1hiGKGA4koFKJnmVxO9JhTKHHiphMBI0kQxdkXscAcoin0cS+Wo4abkoDHEgdoszecES4CyLDQxcxfQWJZObhpkgfamEghEwzKsZ5VMWee7jGdUTySEfHHclHJQhWXa/9DxzYsx7CsR6fabK3zlcEFuARXwAJ10AQPoAXaAIFX8AW+wY8yUV6UN+V9ZS0p65lzsCHl8w+Xhop8</latexit>⇡
matmul
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[R. Takashima+, 2012]

<latexit sha1_base64="bGtYikvCC72z5camUV7KdSaeglk=">AAAB6XicdY/NTsJAFIWn+If4V3XpppGNi6a2tQjuSNy4xESEBBoyHYYyMNNOOlNS0vAObkyMS30Mt/oQvo2l0AULz+Z+mXvunXs8TomQpvmrlLa2d3b3yvuVg8Oj4xP19OxZhHGEcBuFNIy6HhSYkgC3JZEUd3mEIfMo7njT+2W/M8ORIGHwJOccuwz6ARkRBGX2NFCv+/mOXuR7bmoaZs25sWt6BnXHthtLuK3d1RuLSh9yHoXJQK0WLq1waYVLswwzVxWs1RqoH/1hiGKGA4koFKJnmVxO9JhTKHHiphMBI0kQxdkXscAcoin0cS+Wo4abkoDHEgdoszecES4CyLDQxcxfQWJZObhpkgfamEghEwzKsZ5VMWee7jGdUTySEfHHclHJQhWXa/9DxzYsx7CsR6fabK3zlcEFuARXwAJ10AQPoAXaAIFX8AW+wY8yUV6UN+V9ZS0p65lzsCHl8w+Xhop8</latexit>⇡

<latexit sha1_base64="bGtYikvCC72z5camUV7KdSaeglk=">AAAB6XicdY/NTsJAFIWn+If4V3XpppGNi6a2tQjuSNy4xESEBBoyHYYyMNNOOlNS0vAObkyMS30Mt/oQvo2l0AULz+Z+mXvunXs8TomQpvmrlLa2d3b3yvuVg8Oj4xP19OxZhHGEcBuFNIy6HhSYkgC3JZEUd3mEIfMo7njT+2W/M8ORIGHwJOccuwz6ARkRBGX2NFCv+/mOXuR7bmoaZs25sWt6BnXHthtLuK3d1RuLSh9yHoXJQK0WLq1waYVLswwzVxWs1RqoH/1hiGKGA4koFKJnmVxO9JhTKHHiphMBI0kQxdkXscAcoin0cS+Wo4abkoDHEgdoszecES4CyLDQxcxfQWJZObhpkgfamEghEwzKsZ5VMWee7jGdUTySEfHHclHJQhWXa/9DxzYsx7CsR6fabK3zlcEFuARXwAJ10AQPoAXaAIFX8AW+wY8yUV6UN+V9ZS0p65lzsCHl8w+Xhop8</latexit>⇡

Aligned 
spectrogram

Parallel 
exemplars

Shared activity

Source 
Speaker

Target 
Speaker

<latexit sha1_base64="Zmwu8HNrDpaJnUrUPqNzxfqHIWY=">AAAB7nicdY/NTsJAFIWn/iL+VV26aWSDSdO0WAR3JG5cYiKCgUpmhqEMzLRNZ0ogTR/DjYkxceVjuNU38G0shS5YeDb3y9xz79yDAkaFNM1fZWNza3tnt7BX3D84PDpWT04fhR+FmLSwz/ywg6AgjHqkJalkpBOEBHLESBtNbhf99pSEgvreg5wHxOHQ9eiQYijTp75q97Id3dBFTmwaZtW+qlT1FGp2pVJfwHX1plZPij3E46fkOS6Ly6SvlnKrllu13KpZhpmpBFZq9tWP3sDHESeexAwK0bXMQI71KGBQkpkTjwUMJcWMpP9EggQQT6BLupEc1p2YekEkiYfXe4MpDYQHORG6mLpLmFlWBk48y1KtTcSQCw7lSE+rmHOkI65zRoYypO5IJsU0VH659j+0K4ZlG5Z1b5cazVW+AjgHF6AMLFADDXAHmqAFMHgFX+Ab/Ci+8qK8Ke9L64aymjkDa1I+/wDCTYxO</latexit>

Y (s)

<latexit sha1_base64="p0Chplk4uIEsggHHCwtjsThu1eE=">AAAB7nicdY/NTsJAFIWn/iL+VV26aWSDSdO0WAR3JG5cYiKCgUpmhqEMzLRNZ0ogTR/DjYkxceVjuNU38G0shS5YeDb3y9xz79yDAkaFNM1fZWNza3tnt7BX3D84PDpWT04fhR+FmLSwz/ywg6AgjHqkJalkpBOEBHLESBtNbhf99pSEgvreg5wHxOHQ9eiQYijTp75q97Id3dBFTmwaZtW+qlT1FGp2pVJfwHX1plZPij3E46fkOS7Ly6SvlnKrllu13KpZhpmpBFZq9tWP3sDHESeexAwK0bXMQI71KGBQkpkTjwUMJcWMpP9EggQQT6BLupEc1p2YekEkiYfXe4MpDYQHORG6mLpLmFlWBk48y1KtTcSQCw7lSE+rmHOkI65zRoYypO5IJsU0VH659j+0K4ZlG5Z1b5cazVW+AjgHF6AMLFADDXAHmqAFMHgFX+Ab/Ci+8qK8Ke9L64aymjkDa1I+/wDDpIxP</latexit>

Y (t)
<latexit sha1_base64="vKpci+Tv5FM1N/+HVImmxpwr0xM=">AAAB7nicdY/NTsJAFIWn/iL+VV26aWSDSdO0WAR3JG5YYiJCApVMh6EMzLSTzpRAmj6GGxNj4srHcKtv4NtYCl2w8Gzul7nn3rnH5ZQIaZq/ytb2zu7efuGgeHh0fHKqnp0/iSAKEW6jgAZh14UCU+LjtiSS4i4PMWQuxR13er/sd2Y4FCTwH+WCY4dBzycjgqBMnwaq3c929ELPdWLTMKv2TaWqp1CzK5X6Em6rd7V6Uuy7LG4mz3FZXicDtZRbtdyq5VbNMsxMJbBWa6B+9IcBihj2JaJQiJ5lcjnRI06hxHMnnggYSoIoTv+JBOYQTaGHe5Ec1Z2Y+DyS2EebveGMcOFDhoUuZt4K5paVgRPPs1QbEzFkgkE51tMqFszVXaYzikcyJN5YJsU0VH659j90KoZlG5b1YJcarXW+ArgEV6AMLFADDdAELdAGCLyCL/ANfpRAeVHelPeVdUtZz1yADSmff6yIjD4=</latexit>

H
(t)

<latexit sha1_base64="qpDSUdlJZcLHdvx6cUNlgtiuwbg=">AAAB7nicdY/NTsJAFIWn/iL+VV26aWSDSdO0WAR3JG5YYiJCApVMh6EMzLSTzpRAmj6GGxNj4srHcKtv4NtYCl2w8Gzul7nn3rnH5ZQIaZq/ytb2zu7efuGgeHh0fHKqnp0/iSAKEW6jgAZh14UCU+LjtiSS4i4PMWQuxR13er/sd2Y4FCTwH+WCY4dBzycjgqBMnwaq3c929ELPdWLTMKv2TaWqp1CzK5X6Em6rd7V6Uuy7LG4mz3FZXCcDtZRbtdyq5VbNMsxMJbBWa6B+9IcBihj2JaJQiJ5lcjnRI06hxHMnnggYSoIoTv+JBOYQTaGHe5Ec1Z2Y+DyS2EebveGMcOFDhoUuZt4K5paVgRPPs1QbEzFkgkE51tMqFszVXaYzikcyJN5YJsU0VH659j90KoZlG5b1YJcarXW+ArgEV6AMLFADDdAELdAGCLyCL/ANfpRAeVHelPeVdUtZz1yADSmff6sxjD0=</latexit>

H
(s)

<latexit sha1_base64="0mPrB7d43BLb0hLKJCN2bigiFl8=">AAAB6HicdY/NTsJAFIWn/iL+VV26aWTjomlaLII7EjcuMbFCAg2ZGYYyMNNOOlMCaXgGNybGLY/hVl/Ct7EUumDh2dwvc8+9cw8SjEpl27/azu7e/sFh6ah8fHJ6dq5fXL7KKIkx8XDEoriDoCSMhsRTVDHSETGBHDHSRpPHVb89JbGkUfii5oL4HAYhHVIMVfbU161evqMbB8hPbcuuuXfVmplB3a1WGyu4rz3UG4tyD/HUW/T1SmEyCpNRmAzHsnNVwEatvr7sDSKccBIqzKCUXccWamwmgkFFZn46ljBWFDOS/ZBIIiCewIB0EzVs+CkNRaJIiLd7gykVMoScSFNOgzXMHCcHP53lebYmUsglh2pkZlXOOTIRNzkjQxXTYKQW5SxUcbnxP7SrluNajvPsVpqtTb4SuAY34BY4oA6a4Am0gAcweAdf4Bv8aFR70z60z7V1R9vMXIEtacs/vVqJ9A==</latexit>

U

<latexit sha1_base64="0mPrB7d43BLb0hLKJCN2bigiFl8=">AAAB6HicdY/NTsJAFIWn/iL+VV26aWTjomlaLII7EjcuMbFCAg2ZGYYyMNNOOlMCaXgGNybGLY/hVl/Ct7EUumDh2dwvc8+9cw8SjEpl27/azu7e/sFh6ah8fHJ6dq5fXL7KKIkx8XDEoriDoCSMhsRTVDHSETGBHDHSRpPHVb89JbGkUfii5oL4HAYhHVIMVfbU161evqMbB8hPbcuuuXfVmplB3a1WGyu4rz3UG4tyD/HUW/T1SmEyCpNRmAzHsnNVwEatvr7sDSKccBIqzKCUXccWamwmgkFFZn46ljBWFDOS/ZBIIiCewIB0EzVs+CkNRaJIiLd7gykVMoScSFNOgzXMHCcHP53lebYmUsglh2pkZlXOOTIRNzkjQxXTYKQW5SxUcbnxP7SrluNajvPsVpqtTb4SuAY34BY4oA6a4Am0gAcweAdf4Bv8aFR70z60z7V1R9vMXIEtacs/vVqJ9A==</latexit>

U

Training

NMF

NMF
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[R. Takashima+, 2012]

<latexit sha1_base64="bGtYikvCC72z5camUV7KdSaeglk=">AAAB6XicdY/NTsJAFIWn+If4V3XpppGNi6a2tQjuSNy4xESEBBoyHYYyMNNOOlNS0vAObkyMS30Mt/oQvo2l0AULz+Z+mXvunXs8TomQpvmrlLa2d3b3yvuVg8Oj4xP19OxZhHGEcBuFNIy6HhSYkgC3JZEUd3mEIfMo7njT+2W/M8ORIGHwJOccuwz6ARkRBGX2NFCv+/mOXuR7bmoaZs25sWt6BnXHthtLuK3d1RuLSh9yHoXJQK0WLq1waYVLswwzVxWs1RqoH/1hiGKGA4koFKJnmVxO9JhTKHHiphMBI0kQxdkXscAcoin0cS+Wo4abkoDHEgdoszecES4CyLDQxcxfQWJZObhpkgfamEghEwzKsZ5VMWee7jGdUTySEfHHclHJQhWXa/9DxzYsx7CsR6fabK3zlcEFuARXwAJ10AQPoAXaAIFX8AW+wY8yUV6UN+V9ZS0p65lzsCHl8w+Xhop8</latexit>⇡

Estimated 
spectrogram

Trained 
exemplars

Estimated 
activity

Source 
Speaker

Target 
Speaker

<latexit sha1_base64="Zmwu8HNrDpaJnUrUPqNzxfqHIWY=">AAAB7nicdY/NTsJAFIWn/iL+VV26aWSDSdO0WAR3JG5cYiKCgUpmhqEMzLRNZ0ogTR/DjYkxceVjuNU38G0shS5YeDb3y9xz79yDAkaFNM1fZWNza3tnt7BX3D84PDpWT04fhR+FmLSwz/ywg6AgjHqkJalkpBOEBHLESBtNbhf99pSEgvreg5wHxOHQ9eiQYijTp75q97Id3dBFTmwaZtW+qlT1FGp2pVJfwHX1plZPij3E46fkOS6Ly6SvlnKrllu13KpZhpmpBFZq9tWP3sDHESeexAwK0bXMQI71KGBQkpkTjwUMJcWMpP9EggQQT6BLupEc1p2YekEkiYfXe4MpDYQHORG6mLpLmFlWBk48y1KtTcSQCw7lSE+rmHOkI65zRoYypO5IJsU0VH659j+0K4ZlG5Z1b5cazVW+AjgHF6AMLFADDXAHmqAFMHgFX+Ab/Ci+8qK8Ke9L64aymjkDa1I+/wDCTYxO</latexit>

Y (s)

<latexit sha1_base64="vKpci+Tv5FM1N/+HVImmxpwr0xM=">AAAB7nicdY/NTsJAFIWn/iL+VV26aWSDSdO0WAR3JG5YYiJCApVMh6EMzLSTzpRAmj6GGxNj4srHcKtv4NtYCl2w8Gzul7nn3rnH5ZQIaZq/ytb2zu7efuGgeHh0fHKqnp0/iSAKEW6jgAZh14UCU+LjtiSS4i4PMWQuxR13er/sd2Y4FCTwH+WCY4dBzycjgqBMnwaq3c929ELPdWLTMKv2TaWqp1CzK5X6Em6rd7V6Uuy7LG4mz3FZXicDtZRbtdyq5VbNMsxMJbBWa6B+9IcBihj2JaJQiJ5lcjnRI06hxHMnnggYSoIoTv+JBOYQTaGHe5Ec1Z2Y+DyS2EebveGMcOFDhoUuZt4K5paVgRPPs1QbEzFkgkE51tMqFszVXaYzikcyJN5YJsU0VH659j90KoZlG5b1YJcarXW+ArgEV6AMLFADDdAELdAGCLyCL/ANfpRAeVHelPeVdUtZz1yADSmff6yIjD4=</latexit>

H
(t)
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/ 23NMF-based Voice Conversion (NMF-VC)

• Uses parallel exemplars as a conversion model 

• NMF-VC is called “exemplar-based VC” 
✓ Fast on GPU, because NMF uses only basic matrix operations 

 ✗ Requires parallel corpora 
 ✗ Degrades because of activation mismatch

8

[R. Takashima+, 2012]



/ 23Outline

• Baseline 1: NMF-based voice conversion 

• Baseline 2: INCA algorithm 

• Proposed: Nonparallel training of NMF-based voice conversion 

• Experiments

9



/ 23INCA algorithm

• Iterative combination of a Nearest neighbor search step and 
a Conversion step Alignment method 

• Algorithm to acquire alignment of nonparallel corpora

10

[D. Erro+, 2010]
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/ 23INCA algorithm

• Iteration of 

• Nearest 
neighbor 

• Train model 

• Conversion

11

[D. Erro+, 2010]
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/ 23INCA algorithm

✓ Applicable to any parallel VC frameworks 
✓ Easy to implement 

 ✗ Requires as much data as parallel VC systems 

• VC system does not require much data for source speaker 

• VC system is a generator of target speaker

12



/ 23Outline

• Baseline 1: NMF-based voice conversion 

• Baseline 2: INCA algorithm 

• Proposed: Nonparallel training of NMF-based voice 
conversion 

• Experiments

13



/ 23Revisit to NMF-VC

• NMF is equivalent to 
alignment from spectrogram to exemplars

14
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• Acquires activation of NMF-VC using INCA technique 

• Activity is irrelevant to speaker of exemplars

Proposed training method of NMF-VC 15
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/ 23Proposed training method of NMF-VC

• NMF is 
performed 
instead of 
nearest neighbor 
search
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/ 23Outline

• Baseline 1: NMF-based voice conversion 

• Baseline 2: INCA algorithm 

• Proposed: Nonparallel training of NMF-based voice conversion 

• Experiments
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/ 23Experimental setups
• Methods for comparison 

• CycleGAN-VC [T. Kaneko+, 2019], Parallel NMF-VC [R. Takashima+, 2012] 
• Dataset: Japanese versatile speech corpus [S. Takamichi+, 2019] 
• Speaker pair: JVS066→JVS010 (F2F), JVS054→JVS010 (M2F) 
• Number of sentences: 60 for target speaker, 1 or 10 for source speakers, 20 for test 

• Same 60 sentences are used for source speakers in parallel NMF-VC 
• Analysis / Synthesis: WORLD [M. Morise+, 2016] 
• Target of decomposition: Amplitude spectrograms of WORLD spectral envelopes 
• Dictionary size (number of exemplars): 200 
• Conditions of subjective experiments (≥ 25 subjects) 

• A/B preference tests for naturalness 
• ABX tests for speaker similarity

18



/ 23Results of subjective experiments

• Comparison with parallel NMF-VC 

• Proposed framework outperformed 
conventional parallel NMF-VC framework

19

F2F
Parallel Proposed (1 u!erance)

0% 25% 50% 75% 100%
Preference score

Identity
Naturalness

M2F
Parallel Proposed (1 u!erance)

0% 25% 50% 75% 100%
Preference score

: 95% con#dential



/ 23Results of subjective experiments

• Comparison with CycleGAN-VC 

• Proposed framework e$ciently used 
a small source speakers' data

20

: 95% con#dential
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/ 23Results of subjective experiments

• E%ects of an amount of source speakers' data 

• More source speakers' data provided 
more speaker similarity about target speaker

21
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/ 23Audio examples

• 1 sentence is 
used for 
training each 
source speaker 

• Examples are 
available online 
(see last slide)

22
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/ 23Conclusions

• We introduce nonparallel training method of NMF-VC 
inspired by the INCA algorithm 

• The method achieved the goal 
with the small amount of the training data for source speakers 

Future Works 

• Higher quality conversion 

• Inter-language conversion

23

h&ps://www.gavo.t.u-tokyo.ac.jp/~hitoshi/nmfvc2020interspeech/


