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Introduction: Probabilistic Acoustic Tube (PAT) Model

Joint Model of Main Speech Parameters
• Pitch and Spectral Envelope
• Glottal Source 

Previous Joint Models
• STRAIGHT (Kawahara, et. al., ICASSP 2008):
• SVLN (Degottex, et. al., Speech Communication 2013)
• Still estimate parameters separately

PAT: Probabilistic Generative Model Speech
Problem with previous PAT

• Ignores AM/FM effect in voiced speech: 
Pitch Jitter & Amplitude Shimmer

• Underestimates voiced variations
• Overestimate unvoiced variations

The new PAT3 Model
• Incorporate AM/FM in voiced models

Signal & Probabilistic Modeling of PAT

The Voiced Excitation Model – Modulated Sinusoids

𝑒𝑣 𝑡 = real  

𝑑

𝐺 𝑑𝜔0 𝜂 𝑡 exp 𝑗𝑑 𝜔0 𝑡 − 𝜏 + 𝜙 𝑡

𝐺 𝜔 : Three-Pole Model

𝑠 𝑡 = 𝑎𝑒𝑣 𝑡 + 𝑏𝑒𝑢 𝑡 ∗ ℎ 𝑡

The Unvoiced Excitation Model – White Gaussian Noise

𝑒𝑢 𝑡 ~𝒩 0,1

⇒ 𝑢 𝑡 ≜ 𝑏𝑒𝑢 𝑡 ∗ ℎ 𝑡 ~𝒩 0, Σ

Vocal Tract Transfer Function – Complex Cepstrum

ℎ 𝑡 ~IFFT exp  ℎ 𝑛

Probabilistic Modeling for Voiced: AM/FM

Adapted Bayesian Spectral Estimation

𝑣 𝑡 ≜ 𝑎𝑒𝑣 𝑡 ∗ ℎ 𝑡

= real  

𝑑

𝛼𝑑𝜂 𝑡 exp 𝑗𝑑 𝜔0(𝑡 − 𝜏) + 𝜙 𝑡

= 𝒙𝑑 𝑡 𝝃𝑑 𝑡

𝒙𝑑 𝑡 =
𝛼𝑑 cos 𝑑𝜔0(𝑡 − 𝜏) + ∠𝛼𝑑

𝛼𝑑 sin 𝑑𝜔0(𝑡 − 𝜏) + ∠𝛼𝑑

𝝃𝑑 𝑡 =
𝜂 𝑡 cos 𝑑𝜙 𝑡

𝜂 𝑡 sin 𝑑𝜙 𝑡

Autoregressive Model for 𝝃𝑑 𝑡

𝝃𝑑 𝑡 = 𝜆𝑑𝝃𝑑 𝑡 − 1 + 𝜺𝑑 𝑡

𝜺𝑑 𝑡 ~𝒩 0, 𝜎𝜀
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𝜆𝑑 = exp −𝑑𝛿

Stationary Distribution
Assume the signal approaches stationary distribution:

𝝃𝑑 𝑡 ~𝒩 0, 𝜎𝜉
2
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1 − 𝜆𝑑

𝜌𝑑 = tanh 𝑑𝛾
𝑑 small, 𝑑𝜙 𝑡 small, 𝜌𝑑 → 0 𝑑 large, 𝑑𝜙 𝑡 uniform, 𝜌𝑑 → 1
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Edinburgh Speech Corpus


