SottoVoce: An Ultrasound Imaging-Based Silent
Speech Interaction Using Deep Neural Networks
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Figure 1: SottoVoce silent voice system: an ultrasonic echo probe attached under the jaw that reads the internal situation
while the user is speaking without actually emitting a voice. By recognizing ultrasound images using deep convolutional
neural networks, the user’s voice is resynthesized and can be used to control the existing speech interaction systems such as

smart speakers.
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2 RELATED WORK
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Figure 2: SottoVoce system overview

Figure 3: Ultrasonic imaging probes
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Figure 4: Obtained ultrasonic image from probes attached to
the jaw from underneath.
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Figure 5: A series of ultrasonic images of the throat of a subject about to pronounce “Alexa.”
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Figure 6: Representation of training data. K-sized ultra-
sonic images are paired with the corresponding sounds (Mel-
scaled sound vectors).
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Figure 8: Apparatus used for training and evaluating,.
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Figure 9: Results of the training (shown as waves and Mel-scale spectrogram): Net1: Network 1 results; Net2: Network 2 results;
original: original voice encoded by Mel-scale spectrogram and decoded to an audio signal. This is the “ground-truth” of this

training.
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Figure 10: Comparison of Generated Sounds. Left: Network 2 results from ultrasonic images while a user is emitting a voice;
Middle: Network 2 results from ultrasonic images without emitting a voice; Right: the original (Mel-scale spectrogram en-

coded/decoded) voice
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Table 1: Speech-recognition success ratio in tests with
an unchanged existing smart speaker (“GT” means
Mel-scale encoded/decoded from the original voice
data, regarded as the ground truth of the training).



5 END-TO-END EVALUATION AND
OBSERVATIONS
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6 DISCUSSIONS
Incremental Voice Generation
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Figure 11: Future Image: possible configuration of an ultra-
sonic probe and an open earphone

Continuous Ultrasonic-Wave Emission into the Body

T ff ® oW N X8 WS e XS s xr m
»oRe WS w swe ® W x
» MR SW)P  Xee XNgwm » SWa
S X m s P WSS M W XS W s Tx  wp
MR OW » R X R R KPP M W
» W omwms rs rwng (s m)
R W 1 o GO 14
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Figure 12: Human-Al integration: artificial neural networks
and organic neural networks form a feedback loop for ob-
taining better results.
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