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3D Vision-Language-Action Model 

Building the 3D Generative World Model



Motivation

[1] OpenAI [2] Mistral AI. [3] Meta, LLaMa. [4] Stanford, Alpaca. [5] Google, Flamingo.
[6] Google, RT-2. [7] Salesforce, LAVIS. [8] LLaVa. [9] ScanNet. [10] RLbench

Large Language Model

Vision Language Model
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Does the CD player 
function well?

Exploration

Building 3D 
Representations

3D Reasoning

There is a player on 
the table next to sofa

Planning

Goal 
Imagination

Action

Rotate the CD player

1. Navigate to the 
table 2. Turn it on



3D Vision-Language-Action Generative World Model 

World Model as Foundation Model



Reasoning and Planning with 
Embodied Foundation Models

Road Map

3D-LLM, NeurIPS 2023 Spotlight

Bridging Interaction and 
Dynamics with Generative 

World Model

3D-VLA, ICML 2024
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How 3D-LLM Interact with the 3D World?
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3D Feature Extractor

Injecting

Large Language Model



3D-LLM Framework

Neural Field

gradSLAM

Direct Reconstruct

RGB-D Point Cloud

3D Feature

Multi View Images

3D Scene (Mesh)

CLIP Features

Question

Please tell me where is 
the chair?

Answer: The chair is located at <loc3><loc56><loc34>

3D-LLM

Perceiver / Q-Former

LLM

Unified Vocab

<scene> <loc1> <loc2> <loc64>

what is the bed chair



Limitations

1. Overfitting on current room datasets and object datasets. 

2. Hallucination is severe 

3. Performance is much worse than traditional methods in tasks such as localization and navigation. 

4. Black-Box 

5. For Robotics / Embodied AI
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Build internal Representations of the 3D world 

 

Predict and simulate future events within the internal representation 

 Reasoning and planning: governed by our brain’s prediction of the 
future based on our internal world model

World Models
Possible Definition

[1] Primary Visual Cortex Represents the Difference Between Past and Present. N. Nortmann et al. 2015 
[2] Counterintuitive behavior of social systems. J.W. Forrester. 1971. 

[3] Motion-Dependent Representation of Space in Area MT+. M. Gerrit et al. 2013 



Embodied Instruction Tuning Dataset
OpenX Embodiment was released

However, where do the 3D information and language data come from?

[1] Padalkar, Abhishek, et al. "Open x-embodiment”

What we have: 2D-instruction pairs 



Embodied Instruction Tuning Dataset
Lift 2D to 3D

ZoeDepth + RAFT + Grounded SAM + GPT4-V

ZoeDepth: state-of-the-art Depth estimator.

RAFT: compute the Optical Flow. To obtain the background, the moving robotic arm and the manipulated object.

Grounded SAM: detect and segment anything with text inputs. To get the mask of the object.

GPT4-V: diverse language data.



Embodied Instruction Tuning Dataset
Lift 2D to 3D

ZoeDepth + RAFT + Grounded SAM + GPT4-V



Embodied Instruction Tuning Dataset
Datasets Statistics



Bridging Interaction and Dynamics
3D-VLA Architecture



Bridging Interaction and Dynamics
Interactive Tokens
User:       The initial scene is <scene> [init embed] </scene> Find some snacks for me. 

Robot:     Sure! I should <img pcd> pick up <obj> the chip bag </obj> [loc tokens] </img /pcd> 

User:       <scene> [goal embed] </scene> Execute now. 

Robot:     Actions are: [action tokens]

<scene> </scene>: to separate the 3D features and word embeddings in an LLM

<obj> </obj>: to enclose the object nouns and followed by the location tokens.

<img> </img> <pcd> </pcd>: as a signal to prompt the decoding side to output a certain modality

[loc tokens], <loc0-255>: to locate objects

[action tokens]: to represent the 7 DoF state of a robotic arm



Training Stage

1. Embodied DM 2. Robotics LLM 3. Bridge LLM and DM
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Language-related Tasks



Ablation Studies on Generation Tasks



Goal Image, Depth and Point Cloud Generation on RLBench
Grasping the purple block to the target

Taking the stack of money and placing it on the table

Picking up the red cup



Goal Generation on Real-world Scenes



Possible Emergent Abilities

Long Horizon Task

Zero-shot Results



Manipulation Results

Put knife on chopping boardPick up the green cup Take umbrella

Swipe the table Pick up the cup



Can goal generation guide the better execution of other tasks?

What-if QA Manipulation



Limitations

1. Difficulty in precise control



Limitations

1. Difficulty in precise control 

2. Hallucination of the diffusion model

Move spoon on to blue towel

Where is spoon?
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3. Issues with depth and point clouds in the real world



Limitations

[1] BC_Z dataset, Google

1. Difficulty in precise control 

2. Hallucination of the diffusion model 

3. Issues with depth and point clouds in the real world 

4. The long-tail distribution 

5. Datasets with high variance in quality



Future Works

Humanoid + Mobile Robot + Real World + Video Diffusion + Agent ……
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