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Visual generative model

VAE: maximize variational lower bound

Input Output



Video generative methods

GAN: Adversarial trainingVAE: maximize variational lower bound

Flow-based models: Invertible transform of 
distributions

Diffusion models: Gradually add Gaussian noise 
and then reverse

• The field of video generation has seen rapid development, reaching several 
milestones...



Diffusion for visual generation (1)
• Denoising Diffusion Probabilistic Models (DDPMs)



Diffusion for visual generation (2)

• Stochastic Differential Equations (Score SDEs)



Key Elements of visual Diffusion Models

• Pixel diffusion (original input)

• Latent space diffusion

• Unet

• Transformer



Sora, breakthrough

• Consistency: consistency in 3D rendering, long-range coherence, and 
object permanence.

• High fidelity.

• Surprising length: extended video length capability (Sora: 1 minute vs. 
previous systems: seconds).

• Flexible resolution: generation of videos across various durations, 
aspect ratios, and resolutions.



Sora, key technologies

• The DiT framework by Meta (2022.12) is designed for video 
processing. 

• Google's MAGViT (2022.12) focuses on Video Tokenization. 

• Google DeepMind introduced NaViT (2023.07) to support various 
resolutions and aspect ratios. 

• OpenAI's DALL-E 3 (2023.09) enhances Video Caption generation for 
improved conditioned video creation.



Modeling the physical world

• We know that it is very complicated real physical model.

probabilistic
• bayesian inference;

• probabilistic graphical models.

deterministic
• mathematical equations; 

• physics based simulation; 

• control theory.
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Key elements of a physical world
• Given a Sora demo (the walking woman in the Tokyo street), the key elements of 

a physical world, in the graphical way...

• Appearance

• Geometry

• Lighting

• Motion & Animation

• Audio



Modeling the physical world

Chick-ChickenEspresso Split-Cookie Flame-Steak

• [CVPR] Gaussian-Flow: 4D Reconstruction with Dynamic 3D Gaussian Particle



Modeling the physical world

• [CVPR] Gaussian-Flow: 4D Reconstruction with Dynamic 3D Gaussian Particle



It is hard to model the physical world

• In fact, the world is hard to model in a probablistic way. 

• Sora resource consumption...
– 1 billions of images;

– 1 millions of hours of video data;

– 10 trillions tokens after tokenizing images and videos

– Training with ~5,000 A100s in parallel.



It is hard to model the physical world

• Sora failure case in geometry and appearance.



It is hard to model the physical world

• Sora failure case in lighting.



It is hard to model the physical world
• Sora failure case in motion and animation.



It is hard to model the physical world
• VideoMV: Consistent Multi-View Generation Based on Large Video Generative Model 

• Geometric enhancement is still needed for multi-view images.



It is hard to model the physical world
• VideoMV: Consistent Multi-View Generation Based on Large Video Generative Model

• From a static aspects, SVD is able to model multi-view images.



It is hard to model the physical world

• Stag4D: Spatial-Temporal Anchored Generative 4D Gaussians

• From a temporal aspects...



It is hard to model the physical world

• STAG4D: Spatial-Temporal Anchored Generative 4D Gaussians

• From a temporal aspects...



It is hard to model the physical world

• Ilya Sutskever: compression is generalization. 

• The best lossless compression for a dataset is the best 
generalization for data outside the dataset.



Apply the deterministic conditions
• Different representations of deterministic conditions in the physical world.

• Much less data and parameters!

Geometry Lighting Motion & Animation



Apply the deterministic conditions

• There are two ways to inject deterministic information.

deterministic #1
deterministic #2



Image Human Animation

• Champ: Controllable and Consistent Human Image Animation with 3D Parametric Guidance
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Image Human Animation
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Image Portrait Animation

• Hallo: Hierarchical Audio-Driven Visual Synthesis for Portrait Image Animation
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Image Portrait Animation

• Hallo: Hierarchical Audio-Driven Visual Synthesis for Portrait Image Animation



Dynamic Protein Structure Prediction

• 4D Diffusion for Dynamic Protein Structure Prediction with Reference Guided Temporal Alignment



Dynamic Protein Structure Prediction

• 4D Diffusion for Dynamic Protein Structure Prediction with Reference Guided Temporal Alignment



Future work

• Apply deterministic conditions to probabilistic diffusion.

• Less data and paramters!

Geometry Lighting Motion & Animation
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