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Object Manipulation in the Real World

High-dimensional observations (pixels)
Long-horizon planning
Account for entity-entity relations and interactions
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The Goal-Conditioned Multi-Object Manipulation Problem

We want to achieve Compositional Generalization.

TestTrain Train Test

Given an observation and a goal, the policy outputs 
manipulation actions.
Access to an offline dataset of demonstrations.
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Prior Works on Learning Behavioral Cloning Polices for 
Multi-Object Manipulation

Zhu et al. IRASim: Learning Interactive Real-Robot Action Simulators, 2024.
Lee et al. Behavior Generation with Latent Actions, 2024.

IRASim (Zhu et al.)
VQ-BeT(Lee et al.)
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Structures in Multi-Object Manipulation
We consider consider a factorized “state” space
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Method – Our Overall Pipeline

Learning an Object-Centric Representation Learning an Entity-Centric Policy
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Step 1 - Object-Centric Representation of Images 

𝑧 = 𝑧!"#$%$"& , 𝑧#'()* , 𝑧+*!%, , 𝑧%-(&#!(-*&'. , 𝑧/$#0() $ $12

3
∈ ℝ3× 56)

States, goals acquired from DLP encoder
Multi-view perception
Pre-trained on data collected with a random policy

Daniel et al. Unsupervised Image Representation Learning with Deep Latent Particles, 2022.
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Step 2 – Entity-Centric Diffuser

Permutation-Equivariant transformer model 
that takes in particles and actions as input
Diffusion over particles + actions jointly
Trained with l1 loss on unordered particles 

Diffused latents
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Experiment Results

PushCube PushT FrankaKitchen

PushCube - Trained on 1-3 Cubes
PushT – Trained on 1-3 T-blocks
FrankaKitchen – trained on 4 objects
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Experiment Results

w/o Object-Centric structure

w/o Diffusion
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Generalization Results
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Generalization Results
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EC-Diffuser for Real World Problems

LanguageTable is a real-world dataset 
of object manipulation
EC-Diffuser can generate good future 
observations
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Future Research
Goal-Conditioned Reinforcement 
Learning with Sparse Rewards

Can we learn a structured reward model that generalizes across tasks? 




