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3. Real-world Applications with Diffusion Models
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Diffusion Models: The Theory 

Before Diffusion Models: Score Matching
- Song et al. Generative Modeling by Estimating Gradients of the Data Distribution, NeurIPS 2019
- https://score-based-methods-workshop.github.io/
- https://yang-song.net/blog/2021/score/

Diffusion Models:
- Ho et al. Denoising diffusion probabilistic models (DDPM), NeurIPS 2020

https://hojonathanho.github.io/diffusion/
- Song et al. Denoising Diffusion Implicit Models (DDIM), ICLR 2021
- Rombath et al. High-Resolution Image Synthesis with Latent Diffusion Models (SD), CVPR 2022

Useful Links:
- https://lilianweng.github.io/posts/2021-07-11-diffusion-models/
-

https://score-based-methods-workshop.github.io/
https://yang-song.net/blog/2021/score/
https://hojonathanho.github.io/diffusion/
https://lilianweng.github.io/posts/2021-07-11-diffusion-models/


Denoising Diffusion Probabilistic Models (DDPM)

Forward process (add noise): 

Reverse process (denoise):



Denoising Diffusion Probabilistic Models (DDPM)



Denoising Diffusion Probabilistic Models (DDPM)



Denoising Diffusion Probabilistic Models (DDPM)

Reparameterization



Denoising Diffusion Probabilistic Models (DDPM)



Network Architecture: Conditional U-Net

Denoising Diffusion Probabilistic Models (DDPM)

U-Net 

Time emb t



Diffusion Model vs. VAE

Detailed explanation:

https://zhuanlan.zhihu.com/p/563543020?utm_source=wechat_session&utm_medium=social&utm_o
i=675020504734371840

In short: 

1. Easy to train and simple loss
2. VAE has limited latent space, which suffers low quality generation
3. Reversible 
4. Diffusion model is updated version of VAE

https://zhuanlan.zhihu.com/p/563543020?utm_source=wechat_session&utm_medium=social&utm_oi=675020504734371840
https://zhuanlan.zhihu.com/p/563543020?utm_source=wechat_session&utm_medium=social&utm_oi=675020504734371840


Generative Model and Latent Space



High-Resolution Image Synthesis with Latent Diffusion Models
- Stable Diffusion



Scalable Diffusion Models with Transformers  - DiT

https://www.wpeebles.com/DiT

https://www.wpeebles.com/DiT




1. Theory-based
2. Training-based
3. Optimization-based

Fast Sampling on Diffusion Models



                                    

Applications of Diffusion Models

https://github.com/CroitoruAlin/Diffusion-Models-
in-Vision-A-Survey

https://github.com/CroitoruAlin/Diffusion-Models-in-Vision-A-Survey
https://github.com/CroitoruAlin/Diffusion-Models-in-Vision-A-Survey


Conditional Diffusion Model

Network Architecture: Conditional U-Net

U-Net 

Time emb t

Some 
Condition



Guided: https://arxiv.org/abs/2105.05233   https://arxiv.org/abs/2102.09672

Train a classifier for noisy variable and apply on pre-trained ddpm

Classifier-free: https://openreview.net/pdf?id=qw8AKxfYbI

No extra classifier, update p process with

Guided Diffusion & Classifier-free Diffusion

https://arxiv.org/abs/2105.05233
https://arxiv.org/abs/2102.09672
https://openreview.net/pdf?id=qw8AKxfYbI


Diffusion Models in Recent Conferences 

Diffusion models got overwhelmed attention in the past year. At the time I 
worked on diffusion models during CVPR’22, only < 15 papers published in 
such topic. But now there are over 100 papers only on CVPR’23.

I selected some interesting work in CVPR’22/23 and ignored those on 
ICLR/NIPS/ICML since CVPR papers are more practical and less theoretical. I’m 
happy to elaborate if any interesting subject is favored in the discussion.



Some Surveys

A Comprehensive Survey of AI-Generated Content (AIGC): A History of 
Generative AI from GAN to ChatGPT

https://arxiv.org/pdf/2303.04226.pdf

https://github.com/CroitoruAlin/Diffusion-Models-in-Vision-A-Survey

https://arxiv.org/pdf/2303.04226.pdf
https://github.com/CroitoruAlin/Diffusion-Models-in-Vision-A-Survey


Very impressive work. Use filter to guide ddpm generate conditional images.

https://openaccess.thecvf.com/content/ICCV2021/papers/Choi_ILVR_Conditioning_Method_for_Denoisin
g_Diffusion_Probabilistic_Models_ICCV_2021_paper.pdf

ILVR (ICCV2021)

https://openaccess.thecvf.com/content/ICCV2021/papers/Choi_ILVR_Conditioning_Method_for_Denoising_Diffusion_Probabilistic_Models_ICCV_2021_paper.pdf
https://openaccess.thecvf.com/content/ICCV2021/papers/Choi_ILVR_Conditioning_Method_for_Denoising_Diffusion_Probabilistic_Models_ICCV_2021_paper.pdf


Diffusion Probabilistic Models for 3D Point Cloud 
Generation (ICCV2021)

Point Cloud Generation



DiffusionCLIP: Text-Guided Diffusion Models for Robust 
Image Manipulation (CVPR2022)

Image Editing



OpenAI

1. Glide
2. DALLE1
3. DALLE2



RePaint: Inpainting using Denoising Diffusion Probabilistic 
Models (CVPR2022)



Stochastic Trajectory Prediction via Motion Indeterminacy 
Diffusion (CVPR2022)

https://openaccess.thecvf.com/content/CVPR2022/papers/Gu_Stochastic_Trajectory_Prediction_via_Motion_I
ndeterminacy_Diffusion_CVPR_2022_paper.pdf

https://openaccess.thecvf.com/content/CVPR2022/papers/Gu_Stochastic_Trajectory_Prediction_via_Motion_Indeterminacy_Diffusion_CVPR_2022_paper.pdf
https://openaccess.thecvf.com/content/CVPR2022/papers/Gu_Stochastic_Trajectory_Prediction_via_Motion_Indeterminacy_Diffusion_CVPR_2022_paper.pdf


Blended Diffusion for Text-driven Editing of Natural 
Images (CVPR2022)



SpaText: Spatio-Textual Representation for Controllable 
Image Generation (CVPR2023)



Imagic: Text-Based Real Image Editing with Diffusion 
Models (CVPR2023)

https://arxiv.org/pdf/2210.09276.pdf

https://arxiv.org/pdf/2210.09276.pdf


Parallel Diffusion Models of Operator and Image for Blind 
Inverse Problems (CVPR2023)

https://arxiv.org/pdf/2211.10656.pdf

https://arxiv.org/pdf/2211.10656.pdf


DiffRF: Rendering-Guided 3D Radiance Field Diffusion
 (CVPR2023)

https://sirwyver.github.io/DiffRF/static/assets/DiffRF.pdf

https://sirwyver.github.io/DiffRF/static/assets/DiffRF.pdf


 MM-Diffusion: Learning Multi-Modal Diffusion Models for
Joint Audio and Video Generation (CVPR2023)

https://github.com/researchmm/MM-Diffusion

https://github.com/researchmm/MM-Diffusion


 HouseDiffusion: Vector Floorplan Generation via a 
Diffusion Model with Discrete and Continuous Denoising 
(CVPR2023)

https://arxiv.org/pdf/2211.13287.pdf

https://arxiv.org/pdf/2211.13287.pdf


 DR2: Diffusion-based Robust Degradation Remover for 
Blind Face Restoration (CVPR2023)

https://arxiv.org/pdf/2303.06885.pdf

https://arxiv.org/pdf/2303.06885.pdf


https://sihyun.me/PVDM/

 Video Probabilistic Diffusion Models in Projected Latent 
Space (CVPR2023)

https://arxiv.org/pdf/2302.07685.pdf

https://sihyun.me/PVDM/
https://arxiv.org/pdf/2302.07685.pdf


Real-world Applications with Diffusion Models

Most applications built upon Stable Diffusion (SD). Despite the most popular 
text-to-image generation, here are some interesting applications:

1. Image-to-image generation with text prompt (ControlNet)
2. Video generation
3. Image generation with consistency

In this section, I’ll less focus on technical details but more on how the 
communities using diffusion models.



SD Family — Midjourney v5

Much more realistic generation



SD Family — Customer Tuned SD

https://civitai.com/

https://civitai.com/


SD Family — ControlNet

Github 15.5k starts

Very similar to GAN layer swap

The idea is to “lock” the pretrained knowledge and finetune a small scale of the network into 
user-defined tasks. The author claims the method can be run on personal devices.

https://github.com/lllyasviel/ControlNet

https://github.com/lllyasviel/ControlNet


SD Family — Clipdrop

1. SR
2. Replace Background
3. Text Remover
4. Image-to-Image

https://clipdrop.co/

https://clipdrop.co/


SD Family — Tune-A-Video

https://tuneavideo.github.io/

https://tuneavideo.github.io/


SD Family — D-ID

ChatGPT for text and Stable Diffusion for portrait.

I generated a video using this portrait with a description of Yongping Duan, 
the output is amazing.

SD as a small plugin.

https://www.d-id.com/

https://www.d-id.com/


SD Family — Gen-2 (Video Generation)

https://research.runwayml.com/gen2

https://research.runwayml.com/gen2


SD Family — Image to Prompt



SD Family — Image to Prompt

MJ released same feature 

https://imagetoprompt.com/

https://imagetoprompt.com/


SD Family — Image to Prompt 



SD Family — Multi Frame Rendering

Built only on SD. No finetune or extra model needed.

https://xanthius.itch.io/multi-frame-rendering-for-stablediffusion

https://xanthius.itch.io/multi-frame-rendering-for-stablediffusion

