


Research behind Stable Diffusion



Image Synthesis

• Settings
• Conditional Image Generation

• Text-to-Img —— DALLE Series, DaVinci, Stable Diffusion

• Inpainting —— LAMA

• Super Resolution —— SR3

• ……

Text2Image Example Inpainting Example



Diffusion Models

• DDPM

• Noising and Denoising, Markov Chain 

➢Noising, No training required ➢Denoising: Probabilistic Prediction
⚫ Target:

⚫ 𝜺𝜽: U-Net

⚫ Whole Image to Whole Image



Diffusion Models

• DDPM

• Noising and Denoising, Markov Chain 

➢Noising, No training required ➢Denoising: Probabilistic Prediction
⚫ Target:

⚫ 𝜺𝜽: U-Net

⚫ Whole Image to Whole Image



Drawbacks and Improvements

• Slow — Thousands of A100 hours for training, several hours for evaluation

• ……

• DDIM：20-50 times speed up!

• DDPM time steps T = 1000

• DDIM dim(T) = T/20

• Resolution Limitations

• U-Net for whole image * T steps

• Solution: Denoising on latent space —— LDM(Latent Diffusion Models)



LDM

• Two Stage Training for both Pixel Space and Latent Space

• Stage 1 —— Image AutoEncoder

• Stage 2 —— Denoising U-Net

Stage1

Stage2



LDM

• Stage 1 —— Perceptual Image Compression

• Encoder – Decoder model

• Image Generation from statistics encoding and generation from distribution

• Latent code is not high level feature(Z_c=4)

• Load in an Gaussian Distribution and send into decoder to get image output

• Constraint Target (Loss Function)

• Reconstruction Loss (L2 for original image and reconstructed one)

• LPIPS Loss (Perceptual loss for better reality)

• Pretrained VGG 16

• KL Loss for constraints on Latent Space



LDM

• Stage 2 —— Latent Diffusion Models
• With Stage 1 Autoencoder frozen

• Effect on different size latent code (with different rate of encoder)

• Structure
• Resnet Block with cross-attention module

• U-Net like

• Diffusion
• Target: 

• DDPM-Like training and sampling

• Can receive Conditioning

• Text

• Images

• Semantic maps

• ……



LDM

• Conditioning Mechanisms

• Different(domain specific) 𝜏𝜃 for different modalities

• Using Attention to let conditioning effects on generation process:

• Optimization target comes to:



Experiments

• On Perceptual Compression Tradeoffs

• Ablation on different downsampling factor 

• Image Generation with Latent Diffusion

• On four regular datasets

• Conditional Latent Diffusion

• Text to Image

• Layout to Image

• Semantic Map to Image

• SR and Inpainting



Experiments

• On Perceptual Compression Tradeoffs



Experiments

• Image Generation with Latent Diffusion



Experiments

• Conditional Latent Diffusion

• Text to Image
• BERT Tokenizer，Train on LAION-400M



Experiments

• Conditional Latent Diffusion

• Layout to Image

• Semantic map to Image



Experiments

• Super Resolution & Inpainting



Thanks for watching !
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