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NeurIPS 2010 DL Workshop:https://twitter.com/ethanCaballero/status/1544400983261954048?
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High-Quality Dataset is the Unseen Hero
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Objaverse-XL: 10M+ high-quality 3D assets

Deitke, Liu, et al. NeurIPS 2023. 
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Sin3DM: a method for 3D data augmentation

Wu, Liu, Vondrick, Zheng, ICLR 2024



Learning a Diffusion Model from a Single 3D Textured Shape

Wu, Liu, Vondrick, Zheng, ICLR 2024



Is Dataset Scaling Enough for 3D Gen?

3D Models – 800K 
(Objaverse)

2D Images – 5B 
(LAION-5B)



3D Models – 10M 
(Objaverse-XL)

2D Images – 5B 
(LAION-5B)

Zero123

Is Dataset Scaling Enough for 3D Gen?



Stable Diffusion

Output View (RGB)
Latent Diffusion Model

Gaussian Noise

“A retrospective computer”

Stable Diffusion



Zero-1-to-3: Zero-Shot One Image to 3D Objects

Zero-1-to-3

Output View (RGB)
Latent Diffusion Model

(R, T)

Input View (RGB)

[ , ]

Gaussian Noise

Zero-1-to-3Zero-1-to-3

Liu, Wu, Van Hoorick, Tokmakov, Zakharov, Vondrick. ICCV 2023.



Dataset of Novel Views

(R, T)

Liu, Wu, Van Hoorick, Tokmakov, Zakharov, Vondrick. ICCV 2023.



Input InputSynthesized Synthesized

Up: +25°  Right: +95° Down -30°    Left: +90° 

Everyday Objects

Liu, Wu, Van Hoorick, Tokmakov, Zakharov, Vondrick. ICCV 2023.



Input InputSynthesized Synthesized

Up: -45°  Left: -60° Up +45°    Right +60° 

Complex/Deformable Objects

Liu, Wu, Van Hoorick, Tokmakov, Zakharov, Vondrick. ICCV 2023.



Input InputSynthesized Synthesized

Left: -120° Up: +90° 

Abstract Paintings

Liu, Wu, Van Hoorick, Tokmakov, Zakharov, Vondrick. ICCV 2023.



Oil Paintings

Input View Zero123-XL Zero123 Input View Zero123-XL Zero123Input View Zero123-XL Zero123 Input View Zero123-XL Zero123

Deitke, Liu, et al. 2023.



Cartoons

Deitke, Liu, et al. 2023.



Line Drawings

Deitke, Liu, et al. 2023.



Sketches

Input View Zero123-XL Zero123 Input View Zero123-XL Zero123

Input View Zero123-XL Zero123 Input View Zero123-XL Zero123

Input View Zero123-XL Zero123 Input View Zero123-XL Zero123

Input View Zero123-XL Zero123 Input View Zero123-XL Zero123Deitke, Liu, et al. 2023.



Ambiguity from Occlusion

Input View New View (Different Samples)

Liu, Wu, Van Hoorick, Tokmakov, Zakharov, Vondrick. ICCV 2023.



[      , ](R1, T1)

[       , ](R2, T2)

[       , ](R3, T3)

∇ℒSJC

ℒMSE

Input ViewRendering

∇ℒSJC

∇ℒSJC

Neural Field

Volumetric Rendering

(Ri, Ti) Relative Viewpoint Transform from 
Input View

Zero-1-to-3

Zero-1-to-3

Zero-1-to-3

Method: 3D Reconstruction

SJC (Wang et al, 2022):

Liu, Wu, Van Hoorick, Tokmakov, Zakharov, Vondrick. ICCV 2023.



Results: 3D Reconstruction

Voxel NeRF + SJC

Input Image

Reconstruction

Liu, Wu, Van Hoorick, Tokmakov, Zakharov, Vondrick. ICCV 2023.



Results: 3D Reconstruction

Zero123 + Instant-NGP + SDS + DMTet

From Stability AI: https://github.com/threestudio-project/threestudio#zero-1-to-3-

Liu, Wu, Van Hoorick, Tokmakov, Zakharov, Vondrick. ICCV 2023.



What about robotics?

3D Models – 10M 
(Objaverse-XL)

2D Images – 5B 
(LAION-5B)

Robotics - 150K 
(RT-X)

Zero123?
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Behavior Cloning Puts Robot Learning on a Scaling Curve

10^2 10^3 10^5 10^6 10^7 10^8 10^9

?

2024

Diffusion Policy 
ACT, MimicPlay

Performance

Dataset Size



Robot Learning Has a Data Problem

Robot Data



The Dilemma of Robot vs. Visual Data

Robot Data

Internet Image / Video

Limited  
but Robot Complete

Diverse  
but Embodiment Gap



We need an interface between 
visual data and robot control!

Robot Data

Visual Data

Robot Complete 
But Not Diverse

Diverse  
But Embodiment Gap



Differentiable Robot Rendering

Liu, Canberk, Song, Vondrick. CoRL 2024 



Dr. Robot Allows Visual Appearance of Robots 
to be Differentiable w.r.t. to Control Parameters

Liu, Canberk, Song, Vondrick. CoRL 2024 



3D Gen, but for robot 🤖



How did we achieve differentiability?

Liu, Canberk, Song, Vondrick. CoRL 2024 



Differentiable Robot Rendering

̂I = π(X(D(T(p))) min
θX,θW,θG

L = | | I − ̂I | |2

Liu, Canberk, Song, Vondrick. CoRL 2024 



Built from any URDF

Rendering Rendering Rendering Rendering Rendering

Rendering Rendering Rendering Rendering Rendering

GT GT GT GT GT

GT GT GT GT GT

Liu, Canberk, Song, Vondrick. CoRL 2024 



Robot Poses Reconstruction from Single Image 
Through Analysis-by-Synthesis

min
p,θπ

ℒMSE(p, I) = | | I − π( f(p)) | |2Optimization Objective:

ℒMSE

Viewpoint π

SAM 
 

Liu, Canberk, Song, Vondrick. CoRL 2024 



Robot Poses Reconstruction from Single Image 
Through Analysis-by-Synthesis

Original Video Reconstructed Robot

Liu, Canberk, Song, Vondrick. CoRL 2024 



Visual MPC with CLIP

min
p

ℒCLIP(p; prompt) = CLIP(prompt, π( f(p)))Optimization Objective:

Liu, Canberk, Song, Vondrick. CoRL 2024 



Visual MPC with CLIP

“Victory Sign”ℒCLIP(p; prompt)

Liu, Canberk, Song, Vondrick. CoRL 2024 



Robot Control with Text2Video Model

min
p,θπ

T

∑
i

ℒMSE(pi, Ii) = | | Ii − π( f(pi)) | |2Optimization Objective:

Prompt 

Liu, Canberk, Song, Vondrick. CoRL 2024 



Robot Control with Text2Video Model

“Pick up the red block.”

Text-to-Video 

Current Observation

“Pick up the blue can.”

Text-to-Video 

Current Observation

Generated Video Robot Control

Generated Video Robot Control



Motion Retargetting with Point Tracker

ℒTrack(p1:T; cr
0, c1:T) =

T

∑
1=t

d(ct, cr
t ) =

T

∑
1=t

d(ct, 𝒫(cr
0, π(p1:T))t))Optimization Objective:

Co-Tracker 

Liu, Canberk, Song, Vondrick. CoRL 2024 



Motion Retargetting with Point Tracker

p

Co-Tracker Co-Tracker 

ℒchamfer
Liu, Canberk, Song, Vondrick. CoRL 2024 



What about policy learning?



Visuomotor Policy

Observation

Visuomotor 
Policy

Motor Actions



Behavior Cloning is Supervised Learning of Human Behavior

Lots of Observation

Visuomotor 
Policy

Demonstrations

…

44



Video 
Generator 

Tool
… …

Generated Video

Dream
Track

… …

Robot Execution

Execute

Video Generation as Intermediate Action  Representation

Liang*, Liu*, et al. CoRL 2024

Observation



Input Image

Generated Video (indicated by            ) Robot Execution

4x

Dream Imitate+Visuomotor 
Policy =

Dreamitate

Liang*, Liu*, et al. CoRL 2024



Aligning Video Model to Robot

OpenAI SORA Luma Dream Machine



Data Collection

Demonstration VideosHuman Demonstration Setup
Stereo 

Camera 1 Stereo 
Camera 2 

Human Tool

Synthesized Video { ̂vt}

Video 
Diffusion fθ

Fine-tuning Video Generation

Input v0

Liang*, Liu*, et al. CoRL 2024



Robot Execution
Robot Execution Setup

Stereo 
Camera 1 Stereo 

Camera 2 

Robot 
Tool

Track in Synthesized Video T ({ ̂vt})

Robot Action {at}

CAD to Track

Video 
Diffusion fθ

Input v0

4x

Liang*, Liu*, et al. CoRL 2024



Evaluation Tasks
Demonstration Videos

Liang*, Liu*, et al. CoRL 2024



Rotation Task
• Diffusion Policy: 22/40 

• Ours: 37/40
Test Generations

Liang*, Liu*, et al. CoRL 2024



Rotation Task

4x4x

4x4x

Execution

Liang*, Liu*, et al. CoRL 2024



Scooping Task
• Diffusion Policy: 22/40 

• Ours: 36/40
Test Generations

Liang*, Liu*, et al. CoRL 2024



Scooping Task

4x4x

4x4x

Robot Execution

Liang*, Liu*, et al. CoRL 2024



Sweeping Task
• Diffusion Policy: 5/40 

• Ours: 37/40
Test Generations

Liang*, Liu*, et al. CoRL 2024



Sweeping Task

4x4x

4x4x

Robot Execution

Liang*, Liu*, et al. CoRL 2024



Push-Shape Task
• Diffusion Policy: 0.550 mIoU, 48.2  avg. rotation error 

• Ours: 0.731 mIoU, 8.0  avg. rotation error

∘

∘

Test Generations

Liang*, Liu*, et al. CoRL 2024



Push-Shape Task

4x4x

4x4x

Robot Execution

Liang*, Liu*, et al. CoRL 2024



Push-Shape Task

4x4x

4x4x

Diffusion Policy Execution

Liang*, Liu*, et al. CoRL 2024



Performance Scaling Curve
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Rotation Training Dataset Fraction
1/3  2/3 Full

Ours
Diffusion Policy

Liang*, Liu*, et al. CoRL 2024
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3D Reconstruction Occluded Human



Infrared Turns Cars into Mirrors!

Normal Camera (0.4-0.7 μm) Thermal Camera (7-14 μm)

Where does this reflection come from? 
Can we use it to reconstruct Human?



Black-body Radiation

Source: Wikipedia



Human bodies are long wavelength infrared light bulbs

Source: Wikipedia

9.5 μm

Human Thermal Radiation



Humans are infrared light bulbs

Source: Wikipedia

Normal Camera (0.4-0.7 μm) Thermal Camera (7-14 μm)



Cats are infrared light bulbs

Source: Wikipedia

Normal Camera (0.4-0.7 μm) Thermal Camera (7-14 μm)



Many objects are more reflective in infrared

Normal Camera (0.4-0.7 μm) Thermal Camera (7-14 μm)
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Many objects are more reflective in infrared

Normal Camera (0.4-0.7 μm) Thermal Camera (7-14 μm)



Many objects are more reflective in infrared

Normal Camera (0.4-0.7 μm) Thermal Camera (7-14 μm)



3D Generative Models

3D Human 3D Objects



Liu, Vondrick. CVPR 2023.

Method
Generation of 

Human & Object

Human Generative Model 
Gh(zh)zh

Object Generative 
Model Gobj(zobj)zobj

Loss Calculation

LSoftRas

Observed Reflection 
(Input)

Latent Variable to Optimize

Model of World in IR
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Differentiable Rendering



Non-differentiable Rendering

Liu, Li, Chen, Li. CVPR 2019.



Differentiable Rendering

What about reflection?

Liu, Li, Chen, Li. CVPR 2019.
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Object Type: Coffee MugObject Type: Salad Bowl
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GenAI
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Generative Embodied AI



Robotic Tool Design



Designing Paper Tools



Why Paper?



Paper Makes Practical Recyclable Tools! 



Case Study: Paper Airplane
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Learning

Best Design: Trial 91

Trial 1 Trial 100

Liu, et al. In submission 2024



Comparison Against Baselines
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Case Study 2: Kirigami Gripper

Grasping with kirigami shells. Yi Yang, Katherine Vella, Douglas P. Holmes 
Science Robotics 2021



Prior Work Relies on Physical Analysis



Task 2: Kirigami Gripper
Learning to cut paper into grippers that exert maximum gripping force
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System Setup

Cricut Maker 3 Load Cells

Liu, et al. In submission 2024



Experiments

Iteration 2 Iteration 45 Iteration 77 Iteration 97

Liu, et al. In submission 2024



Results

Liu, et al. In submission 2024







Before Adaptation After Adaptation

Adaptation

Liu, et al. In submission 2024
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paperbot.cs.columbia.edu
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Generative Embodied AI
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