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Priors: What are the Priors?
Prior	probability,	of	an	uncertain	quantity	(Bayesian	statistical	inference)

} probability	distribution	expresses	one's	beliefs	about	this	quantity	before	some	evidence	
is	taken	into	account.

} 𝑃𝑜𝑠𝑡𝑒𝑟𝑖𝑜𝑟 = 𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 ∗ 𝑃𝑟𝑖𝑜𝑟/𝐸𝑣𝑖𝑑𝑒𝑛𝑐𝑒

} Inverse Problems in Computer Vision

The ill-posed 
Inverse Problems

• Image Inpainting
• Denoising
• De-bluring
• Super-resolution

Image Prior Good Images

https://en.wikipedia.org/wiki/Prior_probability
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Fidelity: (high-level) Diffusion Models V.S. Inpainting Models

Ground truth Masked Image ZITS Stable diffusion (0.8B)

[Stable diffusion] Robin Rombach, et al. "High-Resolution Image Synthesis with Latent Diffusion Models Robin." CVPR. 2022.

[ZITS] Dong Qiaole, et al. " Incremental Transformer Structure Enhanced Image Inpainting with Masking Positional Encoding." CVPR. 2022.

Large capacity of model ⇏ Fidelitous and consistent inpainting results
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NVAE: A Deep Hierarchical Variational Autoencoder
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Transformer for Image Generation

} Some classical works without discretization (inefficient!) :
} PixelCNN [1]

} Image Transformer[2]

𝑥

z0

z1

zn-1

z1

z2

zn

Discretize

z1

z2

zn

𝑥′Transformers:
Discretization and

Autoregressive generation

Transformer

[1] Van den Oord, Aaron, et al. "Conditional image generation with pixelcnn decoders." NIPS 2016.
[2] Parmar, Niki, et al. "Image transformer." International conference on machine learning. PMLR, 2018
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ManiTrans 

ManiTrans: Entity-Level Text-Guided Image Manipulation via Token-wise Semantic Alignment and Generation, CVPR 2022 (Oral)

Entity-level Text-guided Image Manipulation
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Karsten et al. Denoising Diffusion-based Generative Modeling: Foundations and Applications CVPR2022 tutorial
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Denoising Diffusion Probabilistic Models, NIPS 2020
Sohl-Dickstein et al., Deep Unsupervised Learning using Nonequilibrium Thermodynamics, ICML 2015
Song et al., Score-Based Generative Modeling through Stochastic Differential Equations, ICLR 2021

Denoising diffusion models consist of two processes:

• Forward diffusion process: gradually adding noise to input
• Reverse denoising process: learning to generate data by denoising
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Emerging as powerful generative models, outperforming GANs 
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ManiTrans 
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Time representation: sinusoidal positional embeddings or random Fourier features.

Time features are fed to the residual blocks using either simple spatial addition or using adaptive group normalization
layers. (see Dharivwal and Nichol NeurIPS 2021)

Kingma et al. NeurIPS 2022 introduce a new parameterization of diffusion models using signal-to-noise ratio (SNR), and
show how to learn the noise schedule by minimizing the variance of the training objective.

We can also train !!" while training the diffusion model by minimizing the variational bound (Improved DPM by Nichol and
Dhariwal ICML 2021) or after training the diffusion model (Analytic-DPM by Bao et al. ICLR 2022).
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! Classifier guidance

! Classifier-free guidance

! Incorporate conditions into U-Net diffusion model
S Image conditioning: channel-wise concatenation of the conditional image.
S Text conditioning: spatial addition or adaptive normalization / cross-attention.
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