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Motivation

Current methods:

• Model representations from pixel space directly, 

neglecting the modeling of important structures

• Graph representations inherently encode spatial 

relational bias, enabling effective structural 

modeling.

• Visual action vertices can be incorporated into 

graphs, capturing the relationships between 

objects and effectors. 

Can we formulate video pre-training as graph-to-graphs generative 

modeling, enabling policy learning on limited action-labeled data?



Motivation

Three critical challenges

(1) Embodiment discrepancy: 

The source video and target scene often exhibit 

substantial embodiment discrepancy, hindering 

the transfer of learned action knowledge.

(2) Object property diversity: 

The properties of distinct objects exhibit 

significant variability, such as stiffness, 

inhibiting the generative modeling network 

from capturing diverse object behaviors.

(3) Contradiction between internal and 

global modeling: 

Modeling long-range dependencies is crucial 

for capturing spatial relationships, but directly 

expanding edge construction range potentially 

overwhelms important internal structures

We propose the action-informed transferable 

graph representation, which extracts visual action 

vertices by abstracting key interaction points of 

the embodiment.

We propose to infer properties from historical 

observations and integrate them into graphs, 

facilitating predictions for objects with distinct 

properties.

We present a hierarchical architecture, integrating 

global vertices for long-range information 

propagation.
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Object vertices: The object graph dynamics describe the change in object state, irrelevant to 

the agent embodiment, enhancing the cross-embodiment learning ability

Visual action vertices: The incorporation of visual action vertices enables our approach to 

capture object-embodiment interactions



Property-aware Graph Generative Modeling
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We retrieve object-centric graphs and track vertex set 

across historical observations. The historical 

information is encoded into object properties. 

Vertices are clustered with the root global vertex added to 

each cluster. Edges are then constructed to connect the 

hierarchical structure.



Graph Guided Policy Learning
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State encoder: The state encoder encodes all modalities to 

generate the state representation.

Action Head: The MLP action head generates action 

sequences.



Experiments - Video Pre-training for Imitation Learning



Experiments - Video Pre-training for Imitation Learning



Experiments - Cross-embodiment Transfer



Experiments - Cross-embodiment Transfer



Experiments – Ablation Analysis




