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Image Editing



3D scanning

medium.com

Macworld.com

OmniVirt.com

3D display
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3D Modeling



3D Modeling  
is Hard



2D Analogue



Make 3D modeling available for everyone



3D modeling is a long-standing problem

 blender cloud - springVaxman et al. 2018

wikimedia autodesk



Classic 3D Modeling

primitive shape 
Today?



Acquiring 3D data is easy nowadays

3D scanning 

medium.com

3D datasets

Thingi10K



Future 3D Modeling

primitive shape 
complex shape

?novel

perspectives



Geometric filtering 3D Stylization Data-driven subdivision

appearance
normal

prior



Geometric Filtering
Hsueh-Ti Derek Liu, Michael Tao, Alec Jacobson, “Paparazzi: Surface Editing by way of Multi-View Image Processing ”, SIGGRAPH Asia 2018



Image Filters



Geometric Filters 



Complex Filters?

[Gatys et al. 2016]

?



Appearance-driven Editing

Hsueh-Ti Derek Liu, Michael Tao, Alec Jacobson, “Paparazzi: Surface Editing by way of Multi-View Image Processing ”, SIGGRAPH Asia 2018



Appearance-driven Editing
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Rendering Means to an End

… ?



A Simple Differentiable Renderer 

Lambertian material

Flat shading orthographic camera

directional lights



orthographic projection

A Simple Differentiable Renderer 

Lambertian material

Flat shading

directional lights Differentiable
Simple

Fast







Rendering as a tool for visualization 
Rendering as a tool for 3D modeling



3D Stylization
Hsueh-Ti Derek Liu, Alec Jacobson, “Cubic Stylization”, SIGGRAPH Asia 2019



Stylization
3D          2D

non-photorealistic rendering 
[Hertzmann, Zorin 2000]

image stylization 
[Gatys et al. 2016]

2D          2D 3D          3D

3D stylization

?



Cubic         Stylization
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How to characterize a cube?
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“cubic geometry has axis-aligned surface normals”
Hsueh-Ti Derek Liu, Alec Jacobson, “Cubic Stylization”, SIGGRAPH Asia 2019
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L1-Norm

“minimize L1 norm on normals leads to axis-aligned normals”



“surface normals of the output mesh”

L1-norm on Surface Normals

Earap + ∥n( )∥1?
“as-rigid-as-possible”



“surface normals of the output mesh”

L1-norm on Surface Normals

Earap + ∥n( )∥1?
Non-linear“as-rigid-as-possible”



“rotated surface normals of the input mesh”

Rotated Input Normals

 

Earap + ∥R × n( )∥1



“rotated surface normals of the input mesh”

Rotated Input Normals

 

Earap + ∥R × n( )∥1
Linear 





Different “Cubeness”  



Orientation Dependent



Polygonal Boxes Stylization



Characterizing a shape using surface vertices 
Characterizing a shape using surface normals 



Data-Driven Subdivision
Hsueh-Ti Derek Liu, Vladimir G. Kim, Siddhartha Chaudhuri, Noam Aigerman, Alec Jacobson, “Neural Subdivision”, SIGGRAPH 2020



Subdivision Surfaces



Classic Subdivision
[Loop 1987] ’

wipi
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Smoothness prior

Kovacs et al. 2010



Neural Subdivision
smoothness  

prior
data-driven  
prior

Hsueh-Ti Derek Liu, Vladimir G. Kim, Siddhartha Chaudhuri, Noam Aigerman, Alec Jacobson, “Neural Subdivision”, SIGGRAPH 2020



[Loop 1987]
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Subdivision Network



How to train subdivision networks

Loss function
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Training  
data

Network  
design



Machine Learning on Regular Grid

…



flaps of undirected edges 
[Hanocka et al. 2019]

fixed input dim. 
no ordering

flaps of  
half-edges

fixed input dim. 
canonical ordering

1

2

3

4

vertex rings

no fixed input dim. 
no ordering

 

Handling Irregular Mesh



rigid motion

Rigid Motion Invariant



rigid motion

rigid motioninvariant

Rigid Motion Invariant



Generalize when trained on single shape

training data



Generalize when trained on single shape

training data



Stylized Subdivision



Data-Driven prior



Smoothness prior 
Data-driven prior



Different Perspectives appearance

normal

data-driven priorPossibilities
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