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Agenda

● Introduction to Diffusion Models: A Multi-Perspective Approach:

○ Score Matching Perspective

○ Stochastic Differential Equations (SDE) Perspective

○ Latent Probabilistic Models Perspective

● Applications of Diffusion Models in Audio

○ Diffusion Models for Vocoding

○ Diffusion Models for Text-to-Speech (TTS)



Generative models



Diffusion models



Score Matching Perspective



Estimating the probability distribution of data
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Estimating the score function of data
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Sampling from score function

Langevin dynamics



Sampling from score function



Challenge in low data regions



Challenge in low data regions



Using multiple noise levels
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Learning NCSNs via score matching



Score matching perspective

• Estimating scores from data instead of density
• Apply score matching techniques
• Utilize denoising score matching
• Use multiple noise levels



SDE Perspective



The Generative Reverse Stochastic Differential 

Equation

39



Score Matching
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Denoising Score Matching
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Denoising Score Matching
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Latent Probabilistic Models Perspective



Denoising Diffusion Probabilistic Models
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Denoising Diffusion Probabilistic Models



Network architectures



Applications of Diffusion Models in Audio



TTS recap
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WaveGrad - Vocoder
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GradTTS - Mel synthesis



Important papers

● Generative Modeling by Estimating Gradients of the Data 

Distribution

● Denoising Diffusion Probabilistic Models

● Score-Based Generative Modeling through Stochastic Differential 

Equations
● WaveGrad: Estimating Gradients for Waveform Generation

● DiffWave: A Versatile Diffusion Model for Audio Synthesis

● Grad-TTS: A Diffusion Probabilistic Model for Text-to-Speech

https://arxiv.org/abs/1907.05600
https://arxiv.org/abs/1907.05600
https://arxiv.org/abs/2006.11239
https://arxiv.org/abs/2011.13456
https://arxiv.org/abs/2011.13456
https://arxiv.org/pdf/2009.00713.pdf
https://arxiv.org/pdf/2009.09761.pdf
https://arxiv.org/pdf/2105.06337.pdf


Additional papers

● Diff-TTS: A Denoising Diffusion Model for Text-to-Speech

● ProDiff: Progressive Fast Diffusion Model For High-Quality Text-to-

Speech

● DiffGAN-TTS: High-Fidelity and Efficient Text-to-Speech with 

Denoising Diffusion GANs
● BDDM: Bilateral Denoising Diffusion Models for Fast and High-

Quality Speech Synthesis

● SpecGrad: Diffusion Probabilistic Model based Neural Vocoder with 

Adaptive Noise Spectral Shaping

● WaveGrad 2: Iterative Refinement for Text-to-Speech Synthesis

https://arxiv.org/abs/2104.01409
https://arxiv.org/abs/2207.06389
https://arxiv.org/abs/2207.06389
https://arxiv.org/abs/2201.11972
https://arxiv.org/abs/2201.11972
https://arxiv.org/abs/2203.13508
https://arxiv.org/abs/2203.13508
https://arxiv.org/abs/2203.16749
https://arxiv.org/abs/2203.16749
https://arxiv.org/abs/2106.09660
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