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Policy Model: 𝜋(𝑎| 𝑠)

World Model: 𝑃(𝑠’ | 𝑠, 𝑎)

World Model

David Ha, Jürgen Schmidhuber. World models. arXiv:1803.10122.

interactive !
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Outline

1 How to represent the visual world?

2 How to enable interactive visual world modeling?

• We introduce VidTok, A cutting-edge family of video tokenizers.

• Interact with action: autoregressive world model on MineCraft.

• Interact with latent action: human-to-robot cross-embodiment generalization.

• Interact with video demonstration: zero-shot video imitation in real-world.

• Interact with camera viewpoint: explicit world model with underlying 3D structure.
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VidTok

➢ Efficient Architecture

Separate spatial and temporal sampling reduces 

computational complexity without sacrificing quality.

➢ Advanced Quantization

Finite Scalar Quantization (FSQ) addresses training instability 

and codebook collapse in discrete tokenization.

➢ Enhanced Training

A two-stage strategy—pre-training on low-res videos and 

fine-tuning on high-res—boosts efficiency. Reduced frame 

rates improve motion dynamics representation.

A cutting-edge family of video tokenizers that excels in both continuous and discrete tokenizations. 

Tang et al. VidTok: A Versatile and Open-Source Video Tokenizer. arXiv:2412.13061.
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VidTok
Leading Reconstruction Performance. 

VidTok, trained on a large-scale video dataset, outperforms previous models across all metrics, including PSNR, SSIM, LPIPS, and FVD.

Tang et al. VidTok: A Versatile and Open-Source Video Tokenizer. arXiv:2412.13061.

https://github.com/microsoft/VidTok

https://github.com/microsoft/VidTok
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VidTok
Leading Reconstruction Performance. 

VidTok exhibits a distinct advantage in detail reconstruction fidelity and subjective viewing experience.

Tang et al. VidTok: A Versatile and Open-Source Video Tokenizer. arXiv:2412.13061.

https://github.com/microsoft/VidTok

https://github.com/microsoft/VidTok
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A Visual-Action model with image and action tokens concatenated interleaved.

MineWorld

Frame 

2

Frame 1

Step 1 Step 2 Step 3 Step 4 Step 5

Token to Generate Token GeneratedToken not Generated

Action-conditioned autoregressive world model on Minecraft. 

Ye et al. Autoregressive Video Generation with Diagonal Decoding. arXiv:2503.14070.



Microsoft Research Asia

What’s next?

We observe key challenges when training world models in real-world:

• A lack of expensive interaction data.

• Different embodiments have different state space.

• Different embodiments have different action space.

• How to answer ‘what-if’ problem?
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IGOR
Human-to-robot cross-embodiment generalization. 

We extract the semantic movement of humans manipulating various objects through latent actions,

and transfer this movement to robot arms manipulating objects by applying these latent actions.

Chen et al. IGOR: Image-GOal Representations are the Atomic Building Blocks for Next-Level Generalization in Embodied AI. arXiv:2411.00785.
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IGOR
Human-to-robot cross-embodiment generalization. 

𝐹(ℎ 𝑠 , 𝑎𝑐𝑡𝑖𝑜𝑛)

Latent Action Model

We compress visual changes between image and goal into latent actions.

Ideally, action tokens contain something like (object, how it moves)

Chen et al. IGOR: Image-GOal Representations are the Atomic Building Blocks for Next-Level Generalization in Embodied AI. arXiv:2411.00785.
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IGOR
Human-to-robot cross-embodiment generalization. 

The latent actions contains information for predicting the real robot actions. 

Chen et al. IGOR: Image-GOal Representations are the Atomic Building Blocks for Next-Level Generalization in Embodied AI. arXiv:2411.00785.
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Video In-context Learning
Video as new interfaces to interact with the real-world. 

Zhang et al. Autoregressive Transformers are Zero-Shot Video Imitators. ICLR 2025.

A new sceneA demonstration video 

Following the same action shown in the demonstration, but in the new scene! 
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Video In-context Learning
Video as new interfaces to interact with the real-world. 

Just autoregressive training, and then the in-context learning capacity evolves in zero-shot manner!

Zhang et al. Autoregressive Transformers are Zero-Shot Video Imitators. ICLR 2025.
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Video In-context Learning
Different demo videos lead to different results on the given scene. 

Demo video 

Generation

Zhang et al. Autoregressive Transformers are Zero-Shot Video Imitators. ICLR 2025.
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Explicit World Simulator
Obtaining explicit world representation from implicit priors (e.g., Sora). 

Zhu et al. Compositional 3D-aware Video Generation with LLM Director. NeurIPS 2024.

LLM as Director, 3D as Structural Representation

Decompose the complex query into sub-tasks.

a Magician's magical cabin alone in a serene forest

Scene Generation
Actor Generation Motion Generation

an alien walking on the floor

text to 3D scene model text to 3D avatar model text to 3D motion model

Input: In a Magician's magical cabin alone in a serene forest, 

an alien walking on the floor, starting from the cabin’s door 

to the mow near the bottom right corner.
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Explicit World Simulator
Obtaining explicit world representation from implicit priors (e.g., Sora). 

Zhu et al. Compositional 3D-aware Video Generation with LLM Director. NeurIPS 2024.

Wang et al. End-to-End Rate-Distortion Optimized 3D Gaussian Representation. ECCV 2024.

2D Diffusion 
Prior

Scale

Location

Rotation

Splatting

Score Distillation Sampling

"In a Magician’s 
...of this image."

Splatting

coarse trajectory

Compose different concepts into one using priors from pre-trained LLM and diffusion models.

Achieve 40x compression for 3D Gaussian Splatting
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Thanks

Tianyu He
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