
 RMDN

☓ independence across time

 Combing AR models with RMDN

• SAR: linear AR dependence (K steps before)

• DAR: non-linear AR dependence (by RNN)
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Deep and Shallow Autoregressive Neural Networks 
for Statistical Parametric Speech Synthesis

 Fundamental frequency (F0) determines the pitch of sound, it 
conveys the linguistic and para-linguistic information of speech.

 Normal deep neural networks are imperfect for F0 modeling:
• they generate dull and boring F0
• they generate the same F0 for the same utterance

 SAR and DAR are improved neural networks for F0 modeling
• they can generate F0 with natural variation
• they can generate different F0s for the same utterance

Experiment, analysis and interpretation

Abstract Abbreviation
GMM Gaussian mixture model
RNN Recurrent neural network
MDN Mixture density network
RMDN Recurrent MDN
GV Global variance
AR Autoregressive
SAR Shallow AR neural network
DAR Deep AR neural network

Towards deep/shallow autoregressive neural network
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 SAR = linear filters + RMDN
Results of SAR Results of DAR

 Random sampled F0s show natural variation

 Random sampled F0 for Japanese utterances
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 Generated F0 by SAR is less over-smoothed
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Future work
 SAR/DAR will incorporate rich linguistic and para-

linguistic information that influence F0
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