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buzz -beater.qithub.io

Peking University UCLA BIGAI
B.S.InCS Ph.D. In CS Research Scientist
2014-2018 2018-2022 2022-Present
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Embodied Al

The embodiment hypothesis is the idea that  intelligence emerges in the interaction
of an agent with an environment _ and as a result of sensorimotor activity

Smith & Gasser, The Development of Embodied Cognition: Six Lessons from Babies, 2005

Hardware, control, and Iocomotlon _ Intera tion, reason and plan
M i , R A I'J\ R w /e 5
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Boston Dynamics, Atlas | Partners in Parkour, 2022 Damen et al., Scaling Egocentrlc Vision: The EpiCitchens
https://www.youtube.com/watch?v=tFADML7FIWk Dataset, 2018



https://www.youtube.com/watch?v=tF4DML7FIWk




Moravecods Par adoxX

| t 6s c o0 mpeagy sotmake eomputers exhibit adult level performance on
Intelligence tests or playing checkers  , and difficult or impossible  to give them skills
of a one-year-old when it comes to perception and mobility

Hans Moravec, Mind Children, Harvard University Press 1988




No speed-up in thiswideo ‘-
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Collecting Data and Training Robot
In the Real World is Expensive
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\§7Ectia Ropomcs Human Demonstration with UMI

Damage the Low -cost hardware emerging
environment and objects but still low efficiency



Goal of Environment Creation

U High-quality appearance understanding for
grounding and reasoning

U Fine-grained geometry understanding for
simulation and physics

U Solid dynamics understanding for interaction

and planning



Digital Cousin Creation
MetaScenes ( CVPR0 25)

Dynamic Reconstruction
Art GS (1 CLR&825

3D Scene Generation
SceneWeaver (Neur



ICLR

International Conference On
Learning Representations

b

4D Gaussians for Dynamic Reconstruction

U e6f 9xADBYWHIO7 2ROl RUNIOf UqJl ¢ A#ac¢ HO IO,
Objects via Gaussian Splatting

U & | fi R/BasAr@8 Boilding Digital Twins of Articulated
Objects from Monocular Video

ArtGS VideoArtGS


https://articulate-gs.github.io/
https://videoartgs.github.io/

Static 3D Scene Reconstruction

Image Space

(a) NeRF (b) 3D GS

Learn 3D by projecting to multiple views as supervision



Manipulation Involves Dynamic Objects

Articulated Scan

In reality, we deal with
dynamic, articulated

objects whose geometry
and shape change

during interaction,
making them difficult to
reconstruct




Image Supervision Is Ambiguous for Articulation Learning

Key Challenge: The observed pixel motion results from four entangled factors:

Camera Object
trajectory Geometry
Part Articulation
Segmentation Dynamics




Camera, Depth, Tracks Estimation

Video Frames Depth & Pose 3D Tracks
4
D, D, %0 Sample xt
.




Geometry Reconstruction & Articulation Learning

Video Frames Depth & Pose 3D Tracks

Motion Wi Motion

Analysis Clustering :
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Articulation-based
Deformation

Canonical Gaussians Deformed Gaussians



Real-world Experiments
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Limitations & Takeaways

U Difficult to scale-up

x Feed-forward reconstruction
X Active camera trajectory selection

U Limited quality for simulation
x Physical priors (e.g. plane) during
reconstruction

X EXisting assets and generative
models as guidance for
reconstruction

X System vs. Model?



