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Ç What is a Robotic Foundation Model?

No explicit representation of states / transition functions

A policy that maps (observation/state, goal) to action
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Ç What is a Robotic Foundation Model?

No explicit representation of states / transition functions

A policy that maps (observation/state, goal) to action

Imitation Learning

(Chi et al., Diffusion Policy)

Reinforcement Learning

(OpenAI, Solving Rubikôs Cube)
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Ç What is a Robotic Foundation Model?

No explicit representation of states / transition functions

A policy that maps (observation/state, goal) to action

Ç Current Foundational Vision-and-Language Models

The output may not always be perfect .

It will always generate something reasonable .

Ç Robotic Foundation Models

The synthesized action may not always be optimal .

The generated trajectory will always be beautiful and reasonable .

Ç Different names

Vision-Language-Action Models (VLAs), Large behavior models (LBMs)
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Ç First released in December 2022

Ç Huge success in large-scale training for CV and NLP

Ç Can these lessons be applied to robotics?

Ç Large-scale data collection efforts from Google

17 months with a fleet of 13 robots, containing Ḑ130k episodes and over 700 tasks
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A policy that maps (observation/state, goal) to action
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Ç Large-scale imitation learning

A policy that maps (observation/state, goal) to action

35M parameters, 3 Hz
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Ç Large-scale imitation learning
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Ç Question #1: Can an RT-1 learn to perform language-conditioned tasks?

RT-1
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Ç Question #2: Data from different robot?

Bin-picking data from

a different robot also helps
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Ç Large-scale language-conditioned imitation learning.

Ç Significant data collection and engineering efforts.

Ç Among the initial investigations: (1) how to scale up and (2) what to expect.

Ç Havenôt leveraged larger-scale internet data.

Ç Cannot generalize to new skills.

Ç Efficiency limited to simple and quasi-static tasks.
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Ç First released in July 2023

Ç How VLMs can be incorporated into Robotic Foundation Models?

Ç Key idea: co-fine-tune VLMs on both

(1) robot data

(2) Internet-scale vision-language tasks (e.g., VQA)

Ç Introduced the name: Vision-Language-Action Models (VLA)
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Tokenize the robot actions
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- Co-Fine-Tuning

- 55B (1~3 Hz), 5B (5Hz)

- Cannot run locally, developed a multi-TPU cloud service

- Querying this service over the network
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Ç How well does it work?

Comparable to RT-1

on Seen Tasks
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Ç How well does it work?

Significantly outperform when

requiring generalization
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Ç Co-fine-tuning boosts generalization over semantic and visual concepts

Ç Limited to seen skills but can deploy them in new ways

Ç Efficiency is still an issue

Ç The absolute performance is still not ideal 
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Ç First released in October 2023

Ç Instead of a single data source

22 different robots collected through a collaboration between 21 institutions

demonstrating 527 skills (160,266 tasks)
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Ç Question: whether policies trained on data from many different robots and 

environments enjoy the benefits of positive transfer?
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Ç Question: whether policies trained on data from many different robots and 

environments enjoy the benefits of positive transfer?

Original methods
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Ç Question: whether policies trained on data from many different robots and 

environments enjoy the benefits of positive transfer?

RT-1
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Ç Question: whether policies trained on data from many different robots and 

environments enjoy the benefits of positive transfer?

RT-1-X
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Ç First released in June 2024

Ç RT-2 / RT-2-X (55B params) were closed-source

Ç OpenVLA (7B params)



OpenVLA

39



OpenVLA

40

Ç Question #1: How well does it work out of the box?
OpenVLA
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Ç Question #1: How well does it work out of the box?

RT-2-X vs. OpenVLA
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Ç Question #2: Fine-tuning to adapt to new robot setups

OpenVLA
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Ç Question #2: Fine-tuning to adapt to new robot setups

Diffusion Policy vs. OpenVLA
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Diffusion Policy vs. OpenVLA



OpenVLA

45

Ç Fully open sourced
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Ç First released in October 2024



Pi-Zero by Physical Intelligence

49Cross-Embodiment Dataset
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Pre-Training



Pi-Zero by Physical Intelligence

51Post-Training
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Simple in-distribution tasks
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Complicated in-distribution tasks



Pi-Zero by Physical Intelligence

54Unseen tasks
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Ç What is a Robotic Foundation Model?

No explicit representation of states / transition functions

A policy that maps (observation/state, goal) to action

RT-1 (Dec. 2022)

RT-2 (Jul. 2023)

RT-X (Oct. 2023) Pi-Zero (Oct. 2024)

OpenVLA (Jun. 2024) Helix (Figure)

Hi-Robot (PI)

Gemini Robotics

Pi-0.5 (PI)

GR00T (Nvidia)

DYNA-1

LBM (TRI)
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Ç Technical report released in April 2025

Ç Code released in September 2025



ˊ0.5: a Vision-Language-Action Model with Open-World Generalization
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