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Shameless Plug for CMU Graphics Lab



About Me
• 5th year PhD student, advised by 

Nancy

• Interested in Elegant and Effective 
Representations for Embodied 
Agents

• Background: Graphics (Animation), 
Robotics

• Started my research journey at UCLA 
as a Masters Student
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Biomimetic Eye Modeling & Deep Neuromuscular 
Oculomotor Control

[SIGGRAPH Asia 2019]

Deep Learning of Neuromuscular and Visuomotor 
Control in a Biomimetic Simulated Humanoid

[RA-L 2020]
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The Current State of the Art

Black Box ML



The Problems

Embodiment Gap Interaction Mechanics Gap



“Textbook” Analysis of Contact
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Very Useful Applications!

[Ye & Liu, 2012] 

[Hang et. al, 2017] 

[Cheng et. al, 2021] 

[Zhang et. al, 2023] 

[Ferrari & Canny, 1992] 

[Li et. al, 2007] 

[Hu et. al, 2024] 
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[Kamakura et. al, 1980] [Brahmbhatt et. al, 2019] 12



Ultimate Goal
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Do All of This With This
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Ok… Good



What Can’t We Just Treat Areas as a Bunch of 
Points?
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Single Point Analysis Techniques

Transform as a Single Entity

Point-Wise Planning~



Complexities of Surfaces

No Global Coordinate System Large Path Discontinuities
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Transform

What Do We Want to Do?
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Extract 
Correspondences Control



What Operations Should We Support?
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Relocation
(Translation)

Correspondance (Transfer)Reorientation
(Rotation)

Bending
(“Isometric” Deformation)

Grouping
(Composition)

Warping
(Non-Isometric Deformation)



Geometry 
Processing

Interaction
Mechanics

Contact Area
Modeling

Animation / 
Robotics



Three Models

Axis-Embedded (AE)
Model

Single-Point-Embedded
(SPE) Model

Boundary
Model
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Boundary Model
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Contact Tracing: A Low Cost 
Reconstruction Framework for Surface 

Contact Interpolation [IROS 2021] 



Limitations
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Correspondance (Transfer)

Grouping
(Composition)

Warping
(Non-Isometric Deformation)

Relocation
(Translation)

Reorientation
(Rotation)

Bending
(“Isometric” Deformation)



Single Point Embedding Model
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[Schmidt et. al, 2006] 
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Towards Very Low-Cost Iterative Prototyping for Fully Printable Dexterous 
Soft Robotic Hands [Robosoft 2022]

Application: Rapid Prototyping

In Collaboration With:
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Limitations

Robustness ProblemsPerformance Problems

N: Total Number of Elements
C: Total Number of Contacts

Time Complexity: O(CN)
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Axis-Embedded Model
expq(p) := Tq(rp,𝜃p)

Exponential map 
coordinates of p 

in tangent basis of q

{a0,….,aM} 𝝐 A(xis)
aj+1 = aj + (dj,𝜙j)

dj := distance 
𝜙j := turning angle

q = aj*
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AE Model Parameterization

[Sharp & Crane, 2019] 
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More Details

Exception
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Supported Operations
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Relocation
(Translation)

Correspondance (Transfer)Reorientation
(Rotation)

Bending
(“Isometric” Deformation)

Grouping
(Composition)

Warping
(Non-Isometric Deformation)



Robust and Fast

33

SPE Model AE Model

SPE Model

expq(p) := Tq(rp,𝜃p)
AE Model



What can we do with this 
model?



Start

Create and Refine

Finish
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Operation Interfaces
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Rotation

Isometric
Deformation Transfer

Translation
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Even at Internet Scale!
PICO: 3D People In Contact with Objects from a single image (submitting to CVPR 2025)

In Collaboration
With:
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What about motion?



Why is Motion Difficult?
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Lots of FramesNo-Contact 
Subsequences

Unnatural Keyframe
Interpolation

1000+



[Taheri et. al, 2020] 

[Fan et. al, 2023] 45

A Silver Lining



The (Unavoidable) Retargeting Problem
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???



Virtual Markers
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The Contact Atlas
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What about physics?



Limitations of Kinematics
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Kinematics Only Direct Kinematic Rollout



Are We Really That Far Off?
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Direct Kinematic Rollout Local Sampling with 
Kinematic Baseline
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Interpolation / 
Reconstruction

Contact Areas

Human Motion 
RetargetingRapid Prototyping

Online Adaptive 
Control

Reliable Grasp / 
Pose 

Computation

Intuitive Artist Tools Scalable GT 
Annotation
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Thank You! Questions?
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