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Timetable

Niloy Iasonas Paul Nils Leonidas

Introduction 9:00 X

Neural Network Basics ~9:15 X

Supervised Learning in CG ~9:50 X

Unsupervised Learning in CG ~10:20 X

Learning on Unstructured Data ~10:55 X

Learning for Simulation/Animation ~11:35 X

Discussion 12:05 X X X X X



Code Examples
PCA/SVD basis  
Linear Regression  
Polynomial Regression 
Stochastic Gradient Descent vs. Gradient Descent 
Multi-layer Perceptron  
Edge Filter ‘Network’  
Convolutional Network  
Filter Visualization  
Weight Initialization Strategies  
Colorization Network  
Autoencoder  
Variational Autoencoder  
Generative Adversarial Network

�3
http://geometry.cs.ucl.ac.uk/creativeai/
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• Convolution operators  

• Pooling operators

Recap CNN
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• Obtain supervision data 
 
 

Recipe 101: Supervised Learning in CG

{xi,yi}i=1:k xi 2 Rm⇥m, yi 2 Rn⇥n
<latexit sha1_base64="cTyQX2BH9sA6lFtFnB2tdgFIFs4="></latexit>
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• Obtain supervision data 
 
 

• Setup architecture 
• choose non-linearity (i.e., activation) 
• optimization parameters  

Recipe 101: Supervised Learning in CG

{xi,yi}i=1:k xi 2 Rm⇥m, yi 2 Rn⇥n
<latexit sha1_base64="cTyQX2BH9sA6lFtFnB2tdgFIFs4="></latexit>

⇥ = {✓j}
<latexit sha1_base64="GqyktRDHfDPhtnpzKGpDLlmFVqo=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIq6EYounFZoS9oQphMJ+3YyYOZG6GEbt34K25cKOLWP3Dn3zhps9DWAwNnzrmXe+/xE8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YOOilNJWZvGIpY9nygmeMTawEGwXiIZCX3Buv74Jve7D0wqHkctmCTMDckw4gGnBLTkmdgJCYz8IHNaIwZkiq+wk2EH8o93j52pZ1atmjUDXiZ2QaqoQNMzv5xBTNOQRUAFUapvWwm4GZHAqWDTipMqlhA6JkPW1zQiIVNuNrtkik+0MsBBLPWLAM/U3x0ZCZWahL6uzPdWi14u/uf1Uwgu3YxHSQosovNBQSowxDiPBQ+4ZBTERBNCJde7YjoiklDQ4VV0CPbiycukU6/ZZ7X63Xm1cV3EUUZH6BidIhtdoAa6RU3URhQ9omf0it6MJ+PFeDc+5qUlo+g5RH9gfP4AsWuZrw==</latexit>



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

• Obtain supervision data 
 
 

• Setup architecture 
• choose non-linearity (i.e., activation) 
• optimization parameters  

• Setup loss function

Recipe 101: Supervised Learning in CG

{xi,yi}i=1:k xi 2 Rm⇥m, yi 2 Rn⇥n
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L(⇥) :=
X

i

kf⇥(xi)� yik2
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Image Classification/Feature Extraction

conv+pool conv+pool conv+pool

Rm⇥m⇥3 ! Rf
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Image Classification/Feature Extraction

conv+pool conv+pool conv+pool

Rm⇥m⇥3 ! Rf
<latexit sha1_base64="W/FndpYLdfGWoe+mwQY+MnwiTy4=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4KjOtoBuh6MZlFfuAzlgyaaYNzTxI7ihlmK9x46+4cVERceenmGmL2NYDgcM555J7jxsJrsA0v4zcyura+kZ+s7C1vbO7V9w/aKowlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlDq8zv/XIpOJhcA+jiDk+6Qfc45SAlrrFS4xtn8DAdZO79CHxsQ3cZwr/kmqKbcn7AyBShk9zYS/tFktm2ZwALxNrRkpohnq3OLZ7IY19FgAVRKmOZUbgJEQCp4KlBTtWLCJ0SPqso2lA9ApOMjkzxSda6WEvlPoFgCfq34mE+EqNfFcnsy3VopeJ/3mdGLwLJ+FBFAML6PQjLxYYQpx1hntcMgpipAmhkutdMR0QSSjoZgu6BGvx5GXSrJStarlye1aqXc3qyKMjdIxOkYXOUQ3doDpqIIqe0Ssao3fjxXgzPozPaTRnzGYO0RyM7x+0MKX5</latexit>

reduced spatial information

FC



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Image Classification/Feature Extraction
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Image Classification/Feature Extraction
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Image Classification/Feature Extraction
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Image Classification/Feature Extraction

conv+pool conv+pool conv+pool
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local features (style) global features (content)
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Style Transfer Applications

structure

[Gatys et al. 2016, CVPR]
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Style Transfer Applications
style

structure

[Gatys et al. 2016, CVPR]
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Optimization Formulation (Not Learning)

Lcontent(p,x, l) :=
X

i,j

�
F l
ij � P l

ij

�2
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source image known

Optimization Formulation (Not Learning)
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source image known

Optimization Formulation (Not Learning)

Lcontent(p,x, l) :=
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l
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source image known

Optimization Formulation (Not Learning)
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Optimization Formulation (Not Learning)

min
I

↵Lcontent(Pcontent, I) + �Lstyle(Astyle, I)
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Optimization Formulation (Not Learning)

min
I

↵Lcontent(Pcontent, I) + �Lstyle(Astyle, I)
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[Deep Image Prior, Ulyanov et al. 2018, CVPR]
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• CNN features: style versus content

What We Learned?
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UNet Architecture
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UNet Architecture: Image Translation
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UNet Architecture: Image Translation

upconv
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UNet Architecture: Image Translation
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Sketch Simplification [Simon-Serra et al. 2016, SIGGRAPH]
[Li et al. 2017, SIGGRAPH]
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Sketch Simplification [Simon-Serra et al. 2016, SIGGRAPH]
[Li et al. 2017, SIGGRAPH]
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Sketch Simplification: Learning to Simplify
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• CNN features: style versus content 

• UNet: for (image) translation problems

What We Learned?
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UNet Architecture: Image Translation
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UNet Architecture: Image Translation
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UNet Architecture: Image Translation

UNet or ‘Hourglass’ with skip connections
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Denoising Renderings [Bako et al. 2017, SIGGRAPH]
[Chaitanya et al. 2017, SIGGRAPH]
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Image Decomposition [Zhou et al. 2015, ICCV]
[Innamorati et al. 2017, EGSR]

[Narihira et al. 2015, ICCV]
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Image Decomposition: Decomposing 
Single Images for Layered Photo Retouching

[Innamorati et al. 2017, EGSR]
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Results: Intrinsic Decomposition
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Results: Intrinsic Decomposition
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Directional Decomposition

Input TopNormals
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Directional Decomposition

Input Bottom Normals
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Directional Decomposition

Input Left Normals



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Directional Decomposition

Input RightNormals
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With Inferred Layered Representation
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With Inferred Layered Representation



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

3D CNN: Object Recognition [Xiao et al. 2015, CVPR]
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3D CNN: Object Recognition [Xiao et al. 2015, CVPR]
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VoxNet: Object Recognition [Maturana et al. 2015, IROS]
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VoxNet: Object Recognition [Maturana et al. 2015, IROS]
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Multi-view CNN for 3D [Su et al. 2015, ICCV]
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Multi-view CNN for 3D [Su et al. 2015, ICCV]
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Multi-view CNN for 3D
regular image analysis networks

[Su et al. 2015, ICCV]
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Mesh Labeling / Segmentation [Guo et al. 2016, ACM TOG]
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Audio-driven Facial Animation [Karras et al. 2017, SIGGRAPH]
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• CNN features: style versus content 

• UNet: for (image) translation problems 
• UNet + Skip connection: preserves details

What We Learned?
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• Let there be Color!, Iizuka et al., 2016 
• Colorful Image Colorization, Zhang et al. 2016 
• Learning Representations for Automatic Colorization, Larsson et al., 2016 
• Real-Time User-Guided Image Colorization with Learned Deep Priors, Zhang et al. 2017

Colorization [Iizuka et al. 2016, SIGGRAPH]
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Colorization: Let There Be Color!
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Colorization: Let There Be Color!
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UNet + Global Features
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UNet + Global Features



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Single-image SVBRDF Capture [Deschaintre et al. 2018, Siggraph]
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UNet with Global Features
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Importance of Global Features

gr
ou

nd
 tr

ut
h

U
N

et
U

ne
t +

 g
lo

ba
l f

.



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Importance of Global Features

gr
ou

nd
 tr

ut
h

U
N

et
U

ne
t +

 g
lo

ba
l f

.



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Realistic Reconstructions



CreativeAI: Deep Learning for Computer Graphics

• CNN features: style versus content 

• UNet: for (image) translation problems 
• UNet + Skip connection: preserves details 

• UNet + Skip + global features: access to global/non-local information

What We Learned?
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Rendering Loss: Render Function inside the Network
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Rendering Loss: Render Function inside the Network

comparing parameter values versus effect of the parameters
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UNet with Global Features
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Extension to Multiple Images [Deschaintre et al. 2019, EGSR]
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Extension to Multiple Images [Deschaintre et al. 2019, EGSR]
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Result
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Self-supervision: Regression [Li et al. 2017, Siggraph]
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Self-supervision: Regression [Li et al. 2017, Siggraph]

{xi, yi}
<latexit sha1_base64="mXatYtN3c9CYdBygS1NrUFp37CE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLohuXFewDmhAm00k7dDIJMxMxhLjxV9y4UMStf+HOv3HSZqGtBy4czrmXe+/xY0alsqxvo7K0vLK6Vl2vbWxube+Yu3tdGSUCkw6OWCT6PpKEUU46iipG+rEgKPQZ6fmT68Lv3RMhacTvVBoTN0QjTgOKkdKSZx44GXRCpMZ+kD3kHj2FqUehk0PPrFsNawq4SOyS1EGJtmd+OcMIJyHhCjMk5cC2YuVmSCiKGclrTiJJjPAEjchAU45CIt1s+kEOj7UyhEEkdHEFp+rviQyFUqahrzuLY+W8V4j/eYNEBZduRnmcKMLxbFGQMKgiWMQBh1QQrFiqCcKC6lshHiOBsNKh1XQI9vzLi6TbbNhnjebteb11VcZRBYfgCJwAG1yAFrgBbdABGDyCZ/AK3own48V4Nz5mrRWjnNkHf2B8/gB82JZC</latexit>
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Self-supervision: Regression [Li et al. 2017, Siggraph]

{xi, yi}
<latexit sha1_base64="mXatYtN3c9CYdBygS1NrUFp37CE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLohuXFewDmhAm00k7dDIJMxMxhLjxV9y4UMStf+HOv3HSZqGtBy4czrmXe+/xY0alsqxvo7K0vLK6Vl2vbWxube+Yu3tdGSUCkw6OWCT6PpKEUU46iipG+rEgKPQZ6fmT68Lv3RMhacTvVBoTN0QjTgOKkdKSZx44GXRCpMZ+kD3kHj2FqUehk0PPrFsNawq4SOyS1EGJtmd+OcMIJyHhCjMk5cC2YuVmSCiKGclrTiJJjPAEjchAU45CIt1s+kEOj7UyhEEkdHEFp+rviQyFUqahrzuLY+W8V4j/eYNEBZduRnmcKMLxbFGQMKgiWMQBh1QQrFiqCcKC6lshHiOBsNKh1XQI9vzLi6TbbNhnjebteb11VcZRBYfgCJwAG1yAFrgBbdABGDyCZ/AK3own48V4Nz5mrRWjnNkHf2B8/gB82JZC</latexit>

y = f(x)
<latexit sha1_base64="KACcdIETy67acG9xQJuSAKO9CSs=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWpgm6EohuXFewD2lAm00k7dDIJM5NiCf0TNy4UceufuPNvnLRZaOuBgcM593LPHD/mTGnH+bYKa+sbm1vF7dLO7t7+gX141FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77L/PaESsUi8ainMfVCPBQsYARrI/Vte3qDgkovxHrkB+nT7Lxvl52qMwdaJW5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ2VeomiMSZjPKRdQwUOqfLSefIZOjPKAAWRNE9oNFd/b6Q4VGoa+mYyi6iWvUz8z+smOrj2UibiRFNBFoeChCMdoawGNGCSEs2nhmAimcmKyAhLTLQpq2RKcJe/vEpatap7Ua09XJbrt3kdRTiBU6iAC1dQh3toQBMITOAZXuHNSq0X6936WIwWrHznGP7A+vwBxPiTGg==</latexit>
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Self-supervision: Regression [Li et al. 2017, Siggraph]

{xi, yi}
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y = f(x)
<latexit sha1_base64="KACcdIETy67acG9xQJuSAKO9CSs=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWpgm6EohuXFewD2lAm00k7dDIJM5NiCf0TNy4UceufuPNvnLRZaOuBgcM593LPHD/mTGnH+bYKa+sbm1vF7dLO7t7+gX141FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77L/PaESsUi8ainMfVCPBQsYARrI/Vte3qDgkovxHrkB+nT7Lxvl52qMwdaJW5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ2VeomiMSZjPKRdQwUOqfLSefIZOjPKAAWRNE9oNFd/b6Q4VGoa+mYyi6iWvUz8z+smOrj2UibiRFNBFoeChCMdoawGNGCSEs2nhmAimcmKyAhLTLQpq2RKcJe/vEpatap7Ua09XJbrt3kdRTiBU6iAC1dQh3toQBMITOAZXuHNSq0X6936WIwWrHznGP7A+vwBxPiTGg==</latexit>

forward  
simulator
BB

<latexit sha1_base64="CXDYLNtb+NWWEV8rZJ7Bfzlvipk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjqxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ73eL5XdijsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDGz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtKoV77JSvb8q1+p5HAU4hTO4AA+uoQZ30IAmMAjhGV7hzRk7L86787FoXXPymRP4A+fzBx7sjRY=</latexit>
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Self-supervision: Regression [Li et al. 2017, Siggraph]

{xi, yi}
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y = f(x)
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x
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forward  
simulator
BB

<latexit sha1_base64="CXDYLNtb+NWWEV8rZJ7Bfzlvipk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjqxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ73eL5XdijsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDGz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtKoV77JSvb8q1+p5HAU4hTO4AA+uoQZ30IAmMAjhGV7hzRk7L86787FoXXPymRP4A+fzBx7sjRY=</latexit>
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Self-supervision: Regression [Li et al. 2017, Siggraph]

{xi, yi}
<latexit sha1_base64="mXatYtN3c9CYdBygS1NrUFp37CE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLohuXFewDmhAm00k7dDIJMxMxhLjxV9y4UMStf+HOv3HSZqGtBy4czrmXe+/xY0alsqxvo7K0vLK6Vl2vbWxube+Yu3tdGSUCkw6OWCT6PpKEUU46iipG+rEgKPQZ6fmT68Lv3RMhacTvVBoTN0QjTgOKkdKSZx44GXRCpMZ+kD3kHj2FqUehk0PPrFsNawq4SOyS1EGJtmd+OcMIJyHhCjMk5cC2YuVmSCiKGclrTiJJjPAEjchAU45CIt1s+kEOj7UyhEEkdHEFp+rviQyFUqahrzuLY+W8V4j/eYNEBZduRnmcKMLxbFGQMKgiWMQBh1QQrFiqCcKC6lshHiOBsNKh1XQI9vzLi6TbbNhnjebteb11VcZRBYfgCJwAG1yAFrgBbdABGDyCZ/AK3own48V4Nz5mrRWjnNkHf2B8/gB82JZC</latexit>

y = f(x)
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f(x)
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Self-supervision: Regression [Li et al. 2017, Siggraph]
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<latexit sha1_base64="d0o6wwn3FimG79CWjurpPydl4eI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEuilJFXRZdOOygn1AG8pkOmmHTiZhZiLW0C9x40IRt36KO//GSZuFth4YOJxzL/fM8WPOlHacb6uwtr6xuVXcLu3s7u2X7YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yU3mdx6oVCwS93oaUy/EI8ECRrA20sAuB1XUD7Ee+0H6OENnA7vi1Jw50Cpxc1KBHM2B/dUfRiQJqdCEY6V6rhNrL8VSM8LprNRPFI0xmeAR7RkqcEiVl86Dz9CpUYYoiKR5QqO5+nsjxaFS09A3k1lGtexl4n9eL9HBlZcyESeaCrI4FCQc6QhlLaAhk5RoPjUEE8lMVkTGWGKiTVclU4K7/OVV0q7X3PNa/e6i0rjO6yjCMZxAFVy4hAbcQhNaQCCBZ3iFN+vJerHerY/FaMHKd47gD6zPH7dfkno=</latexit>

BB(f(x))
<latexit sha1_base64="J3doCcCvgqDcq1DfvQor1CJSbio=">AAAB+nicbVDLTgIxFL3jE/E16NJNIzGBDZlBE10S3LjERB4JTEindKCh05m0HZWMfIobFxrj1i9x599YYBYKnqTJyTn35p4eP+ZMacf5ttbWNza3tnM7+d29/YNDu3DUUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vp757XsqFYvEnZ7E1AvxULCAEayN1LcL9XopKPVCrEd+kD5Oy+W+XXQqzhxolbgZKUKGRt/+6g0ikoRUaMKxUl3XibWXYqkZ4XSa7yWKxpiM8ZB2DRU4pMpL59Gn6MwoAxRE0jyh0Vz9vZHiUKlJ6JvJWUa17M3E/7xuooMrL2UiTjQVZHEoSDjSEZr1gAZMUqL5xBBMJDNZERlhiYk2beVNCe7yl1dJq1pxzyvV24tirZ7VkYMTOIUSuHAJNbiBBjSBwAM8wyu8WU/Wi/VufSxG16xs5xj+wPr8AeurkyM=</latexit>

forward  
simulator
BB

<latexit sha1_base64="CXDYLNtb+NWWEV8rZJ7Bfzlvipk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjqxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ73eL5XdijsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDGz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtKoV77JSvb8q1+p5HAU4hTO4AA+uoQZ30IAmMAjhGV7hzRk7L86787FoXXPymRP4A+fzBx7sjRY=</latexit>
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CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

• Look back at image formation model (rendering equation)

Differentiable Rendering: Rendering in the Loop

3D model

image-formation model

view sample color, material, Illumination

image examples

• Image formation, view transformation are known functions/transformations

[Henzler et al. 2019, ICCV]



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

UNet Revisited

F
<latexit sha1_base64="ACzl4t/5Du62DNMzihm6aU7YIgY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNCtl76JcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZu/jM4=</latexit>
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CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

UNet Revisited

F
<latexit sha1_base64="ACzl4t/5Du62DNMzihm6aU7YIgY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNCtl76JcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZu/jM4=</latexit>

F
<latexit sha1_base64="ACzl4t/5Du62DNMzihm6aU7YIgY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNCtl76JcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZu/jM4=</latexit>

differential but known (CG) function (e.g., rendering, camera matrix, simulation)



CreativeAI: Deep Learning for Computer Graphics

• CNN features: style versus content 

• UNet: for (image) translation problems 
• UNet + Skip connection: preserves details 

• UNet + Skip + global features: access to global/non-local information 
• CG-specific functions: custom blocks embedded into networks  

(e.g., camera model, differentiable rendering)

What We Learned?



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Encoder Decoder

z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit> D

<latexit sha1_base64="WoflC9OsYADNdO+14nzcYBdCAmo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5i3jMw=</latexit>

D(z)
<latexit sha1_base64="a8fcxstg1wA8Qmp5g/nAccZSBGI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY1IPHCrYW2qVk02wbmmSXJCvUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gRYU84kbRlmOO3EimIRcPoQjK8z/+GRKs0ieW8mMfUFHkoWMoJNJt1Un0775Ypbc2dAy8TLSQVyNPvlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx46adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtOs176xWvzuvNK7yOIpwBMdQBQ8uoAG30IQWEBjBM7zCmyOcF+fd+Zi3Fpx85hD+wPn8ATzJjbU=</latexit>

E
<latexit sha1_base64="oW7OyFl8fZOuY5qYrNXg+guGckE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNCtl76JcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZo7jM0=</latexit>

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Encoder Decoder

z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit> D

<latexit sha1_base64="WoflC9OsYADNdO+14nzcYBdCAmo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5i3jMw=</latexit>

D(z)
<latexit sha1_base64="a8fcxstg1wA8Qmp5g/nAccZSBGI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY1IPHCrYW2qVk02wbmmSXJCvUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gRYU84kbRlmOO3EimIRcPoQjK8z/+GRKs0ieW8mMfUFHkoWMoJNJt1Un0775Ypbc2dAy8TLSQVyNPvlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx46adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtOs176xWvzuvNK7yOIpwBMdQBQ8uoAG30IQWEBjBM7zCmyOcF+fd+Zi3Fpx85hD+wPn8ATzJjbU=</latexit>

E
<latexit sha1_base64="oW7OyFl8fZOuY5qYrNXg+guGckE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNCtl76JcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZo7jM0=</latexit>

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

L⇥ :=
X

i

kD(E(xi)� yik2
<latexit sha1_base64="tqy1isRI0Hr4Jnck28dBhqFvrNU="></latexit>

encoder-decoder



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Encoder Decoder

z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit> D

<latexit sha1_base64="WoflC9OsYADNdO+14nzcYBdCAmo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5i3jMw=</latexit>

D(z)
<latexit sha1_base64="a8fcxstg1wA8Qmp5g/nAccZSBGI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY1IPHCrYW2qVk02wbmmSXJCvUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gRYU84kbRlmOO3EimIRcPoQjK8z/+GRKs0ieW8mMfUFHkoWMoJNJt1Un0775Ypbc2dAy8TLSQVyNPvlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx46adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtOs176xWvzuvNK7yOIpwBMdQBQ8uoAG30IQWEBjBM7zCmyOcF+fd+Zi3Fpx85hD+wPn8ATzJjbU=</latexit>

E
<latexit sha1_base64="oW7OyFl8fZOuY5qYrNXg+guGckE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNCtl76JcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZo7jM0=</latexit>

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

L⇥ :=
X

i

kD(E(xi)� yik2
<latexit sha1_base64="tqy1isRI0Hr4Jnck28dBhqFvrNU="></latexit>

encoder-decoder

L⇥ :=
X

i

kD(E(xi)� xik2
<latexit sha1_base64="r/eTk3K6g/SaVO58W/JlggKbh4U="></latexit>

autoencoder
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Design Options

1. sketching

[Wang et al. 2018, Siggraph Asia]



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Design Options

1. sketching 2. sewing patterns

[Wang et al. 2018, Siggraph Asia]
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Design Options

1. sketching 2. sewing patterns 3. draped garment

[Wang et al. 2018, Siggraph Asia]



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Design Options

1. sketching 2. sewing patterns 3. draped garment

= interaction(sewing pattern, material, body shape)

[Wang et al. 2018, Siggraph Asia]



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Interaction through Simulation



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Interaction through Simulation

realistic simulations but NOT interactive
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Learning a Latent Space (AutoEncoder)
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Learning a Latent Space (AutoEncoder)
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Learning a Latent Space (AutoEncoder)
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Learning a Shared Latent Space (3-way AutoEncoder)
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Learning a Shared Latent Space (3-way AutoEncoder)
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Learning a Shared Latent Space (3-way AutoEncoder)
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Network as a Learned ‘Basis’
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CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Network as a Learned ‘Basis’

z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit> D

<latexit sha1_base64="WoflC9OsYADNdO+14nzcYBdCAmo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5i3jMw=</latexit>



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Network as a Learned ‘Basis’

z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit> D

<latexit sha1_base64="WoflC9OsYADNdO+14nzcYBdCAmo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5i3jMw=</latexit>

D(z)
<latexit sha1_base64="a8fcxstg1wA8Qmp5g/nAccZSBGI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY1IPHCrYW2qVk02wbmmSXJCvUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gRYU84kbRlmOO3EimIRcPoQjK8z/+GRKs0ieW8mMfUFHkoWMoJNJt1Un0775Ypbc2dAy8TLSQVyNPvlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx46adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtOs176xWvzuvNK7yOIpwBMdQBQ8uoAG30IQWEBjBM7zCmyOcF+fd+Zi3Fpx85hD+wPn8ATzJjbU=</latexit>



CreativeAI: Deep Learning for Computer Graphics

• CNN features: style versus content 

• UNet: for (image) translation problems 
• UNet + Skip connection: preserves details 

• UNet + Skip + global features: access to global/non-local information 
• Autoencoder: category-specific non-linear basis

What We Learned?



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Conditional Decoder

z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit>

z0
<latexit sha1_base64="0+hiHkzNgfwYbaWXDBScVFznEcw=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IrtookeiF49o5JEAIbPDLEyYnd3M9Jrghj/w4kFjvPpH3vwbB9iDgpV0UqnqTneXH0th0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPd8qnhUiheR4GSt2LNaehL3vRHN1O/+ci1EZF6wHHMuyEdKBEIRtFK90+nvWLJLbszkGXiZaQEGWq94lenH7Ek5AqZpMa0PTfGbko1Cib5pNBJDI8pG9EBb1uqaMhNN51dOiEnVumTINK2FJKZ+nsipaEx49C3nSHFoVn0puJ/XjvB4KqbChUnyBWbLwoSSTAi07dJX2jOUI4toUwLeythQ6opQxtOwYbgLb68TBqVsndertxdlKrXWRx5OIJjOAMPLqEKt1CDOjAI4Ble4c0ZOS/Ou/Mxb8052cwh/IHz+QNLGI0z</latexit>

D
<latexit sha1_base64="WoflC9OsYADNdO+14nzcYBdCAmo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5i3jMw=</latexit>



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Conditional Decoder

z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit>

z0
<latexit sha1_base64="0+hiHkzNgfwYbaWXDBScVFznEcw=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IrtookeiF49o5JEAIbPDLEyYnd3M9Jrghj/w4kFjvPpH3vwbB9iDgpV0UqnqTneXH0th0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPd8qnhUiheR4GSt2LNaehL3vRHN1O/+ci1EZF6wHHMuyEdKBEIRtFK90+nvWLJLbszkGXiZaQEGWq94lenH7Ek5AqZpMa0PTfGbko1Cib5pNBJDI8pG9EBb1uqaMhNN51dOiEnVumTINK2FJKZ+nsipaEx49C3nSHFoVn0puJ/XjvB4KqbChUnyBWbLwoSSTAi07dJX2jOUI4toUwLeythQ6opQxtOwYbgLb68TBqVsndertxdlKrXWRx5OIJjOAMPLqEKt1CDOjAI4Ble4c0ZOS/Ou/Mxb8052cwh/IHz+QNLGI0z</latexit>

D
<latexit sha1_base64="WoflC9OsYADNdO+14nzcYBdCAmo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5i3jMw=</latexit>

D(z, z0)
<latexit sha1_base64="rkQAx1Hl08hFNEfxBJP9JF/DWp8=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBaxgpSkCnos6sFjBfsBbSib7aZdutmE3Y3Qhv4ILx4U8erv8ea/cdvmoK0PBh7vzTAzz485U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpD2+nfvOJSsUi8ahHMfVC3BcsYARrIzXvSuPz8elZ1y46ZWcGtEzcjBQhQ61rf3V6EUlCKjThWKm268TaS7HUjHA6KXQSRWNMhrhP24YKHFLlpbNzJ+jEKD0URNKU0Gim/p5IcajUKPRNZ4j1QC16U/E/r53o4NpLmYgTTQWZLwoSjnSEpr+jHpOUaD4yBBPJzK2IDLDERJuECiYEd/HlZdKolN2LcuXhsli9yeLIwxEcQwlcuIIq3EMN6kBgCM/wCm9WbL1Y79bHvDVnZTOH8AfW5w/moY6g</latexit>
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Network for Compression [Rainer et al. 2019, Eurographics]
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Network for Compression [Rainer et al. 2019, Eurographics]
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Network for Compression [Rainer et al. 2019, Eurographics]



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Learning Volumetric Deformation [Yumner et al. 2016, ECCV]



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Learning Volumetric Deformation [Yumner et al. 2016, ECCV]



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Network for (BTF) Compression



CreativeAI: Deep Learning for Computer Graphics Supervised Learning in CG

Network for (BTF) Compression



CreativeAI: Deep Learning for Computer Graphics

Sequence Prediction (past matters)

Image Credit: Alex Graves and Kevin Gimpel



CreativeAI: Deep Learning for Computer Graphics

Neural Nets

NNxi
<latexit sha1_base64="u50ME7YEJxlCunx0Ti5ThHbCzFU=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG5cV7AM6Q8mkmTY0kxmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnSATXxnG+UWltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHqBUQzwSVrG24E6yWKkSgQrBtMbnO/+8iU5rF8MNOE+REZSR5ySoyVPC8iZhyE2dNswAfVmlN35sCrxC1IDQq0BtUvbxjTNGLSUEG07rtOYvyMKMOpYLOKl2qWEDohI9a3VJKIaT+bZ57hM6sMcRgr+6TBc/X3RkYiradRYCfzjHrZy8X/vH5qwms/4zJJDZN0cShMBTYxzgvAQ64YNWJqCaGK26yYjoki1NiaKrYEd/nLq6TTqLsX9cb9Za15U9RRhhM4hXNw4QqacActaAOFBJ7hFd5Qil7QO/pYjJZQsXMMf4A+fwCAjpH8</latexit>

yi
<latexit sha1_base64="CMeo3qgA0fe10oqNZAvhM6UoIXM=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GfFirOw1nDrxK3JLUoUR7WPvyRjFNIyYNFUTrgeskxs+JMpwKNqt6qWYJoVMyZgNLJYmY9vN55hk+t8oIh7GyTxo8V39v5CTSOosCO1lk1MteIf7nDVIT3vg5l0lqmKSLQ2EqsIlxUQAeccWoEZklhCpus2I6IYpQY2uq2hLc5S+vkm6z4V42mg9X9dZtWUcFTuEMLsCFa2jBPbShAxQSeIZXeEMpekHv6GMxuobKnRP4A/T5A4IVkf0=</latexit>



CreativeAI: Deep Learning for Computer Graphics

Neural Nets

NNxi
<latexit sha1_base64="u50ME7YEJxlCunx0Ti5ThHbCzFU=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG5cV7AM6Q8mkmTY0kxmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnSATXxnG+UWltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHqBUQzwSVrG24E6yWKkSgQrBtMbnO/+8iU5rF8MNOE+REZSR5ySoyVPC8iZhyE2dNswAfVmlN35sCrxC1IDQq0BtUvbxjTNGLSUEG07rtOYvyMKMOpYLOKl2qWEDohI9a3VJKIaT+bZ57hM6sMcRgr+6TBc/X3RkYiradRYCfzjHrZy8X/vH5qwms/4zJJDZN0cShMBTYxzgvAQ64YNWJqCaGK26yYjoki1NiaKrYEd/nLq6TTqLsX9cb9Za15U9RRhhM4hXNw4QqacActaAOFBJ7hFd5Qil7QO/pYjJZQsXMMf4A+fwCAjpH8</latexit>

yi
<latexit sha1_base64="CMeo3qgA0fe10oqNZAvhM6UoIXM=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GfFirOw1nDrxK3JLUoUR7WPvyRjFNIyYNFUTrgeskxs+JMpwKNqt6qWYJoVMyZgNLJYmY9vN55hk+t8oIh7GyTxo8V39v5CTSOosCO1lk1MteIf7nDVIT3vg5l0lqmKSLQ2EqsIlxUQAeccWoEZklhCpus2I6IYpQY2uq2hLc5S+vkm6z4V42mg9X9dZtWUcFTuEMLsCFa2jBPbShAxQSeIZXeEMpekHv6GMxuobKnRP4A/T5A4IVkf0=</latexit>

yi  f⇥(xi)
<latexit sha1_base64="2C/tjDXmJmrEP7xyG60ABzMlFro=">AAACGXicbVDLSsNAFJ34rPUVdelmsAh1UxIVdFl047JCq0JTwmR60w5OHszcqCXkN9z4K25cKOJSV/6Nk1rB14GBwznnMveeIJVCo+O8W1PTM7Nz85WF6uLS8sqqvbZ+ppNMcejwRCbqImAapIihgwIlXKQKWBRIOA8uj0v//AqUFkncxlEKvYgNYhEKztBIvu14EcNhEOajws9FQT0JITKlkmsa+l57CMjqX5Gbwhc7vl1zGs4Y9C9xJ6RGJmj59qvXT3gWQYxcMq27rpNiL2cKBZdQVL1MQ8r4JRtA19CYRaB7+fiygm4bpU/DRJkXIx2r3ydyFmk9igKTLJfUv71S/M/rZhge9nIRpxlCzD8/CjNJMaFlTbQvFHCUI0MYV8LsSvmQKcbRlFk1Jbi/T/5LznYb7l5j93S/1jya1FEhm2SL1IlLDkiTnJAW6RBObsk9eSRP1p31YD1bL5/RKWsys0F+wHr7ANrgoW4=</latexit>



CreativeAI: Deep Learning for Computer Graphics

Recurrent Neural Nets

NNxi
<latexit sha1_base64="u50ME7YEJxlCunx0Ti5ThHbCzFU=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG5cV7AM6Q8mkmTY0kxmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnSATXxnG+UWltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHqBUQzwSVrG24E6yWKkSgQrBtMbnO/+8iU5rF8MNOE+REZSR5ySoyVPC8iZhyE2dNswAfVmlN35sCrxC1IDQq0BtUvbxjTNGLSUEG07rtOYvyMKMOpYLOKl2qWEDohI9a3VJKIaT+bZ57hM6sMcRgr+6TBc/X3RkYiradRYCfzjHrZy8X/vH5qwms/4zJJDZN0cShMBTYxzgvAQ64YNWJqCaGK26yYjoki1NiaKrYEd/nLq6TTqLsX9cb9Za15U9RRhhM4hXNw4QqacActaAOFBJ7hFd5Qil7QO/pYjJZQsXMMf4A+fwCAjpH8</latexit>

yi
<latexit sha1_base64="CMeo3qgA0fe10oqNZAvhM6UoIXM=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GfFirOw1nDrxK3JLUoUR7WPvyRjFNIyYNFUTrgeskxs+JMpwKNqt6qWYJoVMyZgNLJYmY9vN55hk+t8oIh7GyTxo8V39v5CTSOosCO1lk1MteIf7nDVIT3vg5l0lqmKSLQ2EqsIlxUQAeccWoEZklhCpus2I6IYpQY2uq2hLc5S+vkm6z4V42mg9X9dZtWUcFTuEMLsCFa2jBPbShAxQSeIZXeEMpekHv6GMxuobKnRP4A/T5A4IVkf0=</latexit>

yi+1
<latexit sha1_base64="2gD+YqLI8Y9AS5WEqNEHrhwesuc=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEEoSRV0GXRjcsK9gFtCJPppB06mYSZSSGE/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W2vrG5tb25Wd6u7e/sGhfXTcUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS/87pRKxWLxpLOEehEeCRYygrWRfNseRFiPgzDPZn7OLt2Zb9ecujMHWiVuSWpQouXbX4NhTNKICk04VqrvOon2ciw1I5zOqoNU0QSTCR7RvqECR1R5+Tz5DJ0bZYjCWJonNJqrvzdyHCmVRYGZLHKqZa8Q//P6qQ5vvZyJJNVUkMWhMOVIx6ioAQ2ZpETzzBBMJDNZERljiYk2ZVVNCe7yl1dJp1F3r+qNx+ta866sowKncAYX4MINNOEBWtAGAlN4hld4s3LrxXq3Phaja1a5cwJ/YH3+AKeAk6o=</latexit>
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Recurrent Neural Nets

NNxi
<latexit sha1_base64="u50ME7YEJxlCunx0Ti5ThHbCzFU=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG5cV7AM6Q8mkmTY0kxmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnSATXxnG+UWltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHqBUQzwSVrG24E6yWKkSgQrBtMbnO/+8iU5rF8MNOE+REZSR5ySoyVPC8iZhyE2dNswAfVmlN35sCrxC1IDQq0BtUvbxjTNGLSUEG07rtOYvyMKMOpYLOKl2qWEDohI9a3VJKIaT+bZ57hM6sMcRgr+6TBc/X3RkYiradRYCfzjHrZy8X/vH5qwms/4zJJDZN0cShMBTYxzgvAQ64YNWJqCaGK26yYjoki1NiaKrYEd/nLq6TTqLsX9cb9Za15U9RRhhM4hXNw4QqacActaAOFBJ7hFd5Qil7QO/pYjJZQsXMMf4A+fwCAjpH8</latexit>

yi
<latexit sha1_base64="CMeo3qgA0fe10oqNZAvhM6UoIXM=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GfFirOw1nDrxK3JLUoUR7WPvyRjFNIyYNFUTrgeskxs+JMpwKNqt6qWYJoVMyZgNLJYmY9vN55hk+t8oIh7GyTxo8V39v5CTSOosCO1lk1MteIf7nDVIT3vg5l0lqmKSLQ2EqsIlxUQAeccWoEZklhCpus2I6IYpQY2uq2hLc5S+vkm6z4V42mg9X9dZtWUcFTuEMLsCFa2jBPbShAxQSeIZXeEMpekHv6GMxuobKnRP4A/T5A4IVkf0=</latexit>

yi+1
<latexit sha1_base64="2gD+YqLI8Y9AS5WEqNEHrhwesuc=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEEoSRV0GXRjcsK9gFtCJPppB06mYSZSSGE/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W2vrG5tb25Wd6u7e/sGhfXTcUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS/87pRKxWLxpLOEehEeCRYygrWRfNseRFiPgzDPZn7OLt2Zb9ecujMHWiVuSWpQouXbX4NhTNKICk04VqrvOon2ciw1I5zOqoNU0QSTCR7RvqECR1R5+Tz5DJ0bZYjCWJonNJqrvzdyHCmVRYGZLHKqZa8Q//P6qQ5vvZyJJNVUkMWhMOVIx6ioAQ2ZpETzzBBMJDNZERljiYk2ZVVNCe7yl1dJp1F3r+qNx+ta866sowKncAYX4MINNOEBWtAGAlN4hld4s3LrxXq3Phaja1a5cwJ/YH3+AKeAk6o=</latexit>

yi+1  f⇥(xi,yi)
<latexit sha1_base64="PJWVZOn0+cuZmoSjcOa6/kS2FpU=">AAACKXicbVDJSgNBFOxxN25Rj14ag6AoYSYKegx68aiQDTJh6Om8MY09C91v1DDM73jxV7woKOrVH7GzCGosaCiq6tHvlZ9IodG2362p6ZnZufmFxcLS8srqWnF9o6HjVHGo81jGquUzDVJEUEeBElqJAhb6Epr+9dnAb96A0iKOathPoBOyq0gEgjM0klesuiHDnh9k/dzLxL6TU1dCgEyp+JYGnlvrAbLd79Bd7okD+mNE7HnFkl22h6CTxBmTEhnjwis+u92YpyFEyCXTuu3YCXYyplBwCXnBTTUkjF+zK2gbGrEQdCcbXprTHaN0aRAr8yKkQ/XnRMZCrfuhb5KDJfVfbyD+57VTDE46mYiSFCHio4+CVFKM6aA22hUKOMq+IYwrYXalvMcU42jKLZgSnL8nT5JGpewcliuXR6Xq6biOBbJFtskuccgxqZJzckHqhJN78kheyKv1YD1Zb9bHKDpljWc2yS9Yn18Wvqe9</latexit>
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Recurrent Neural Nets

NNxi
<latexit sha1_base64="u50ME7YEJxlCunx0Ti5ThHbCzFU=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG5cV7AM6Q8mkmTY0kxmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnSATXxnG+UWltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHqBUQzwSVrG24E6yWKkSgQrBtMbnO/+8iU5rF8MNOE+REZSR5ySoyVPC8iZhyE2dNswAfVmlN35sCrxC1IDQq0BtUvbxjTNGLSUEG07rtOYvyMKMOpYLOKl2qWEDohI9a3VJKIaT+bZ57hM6sMcRgr+6TBc/X3RkYiradRYCfzjHrZy8X/vH5qwms/4zJJDZN0cShMBTYxzgvAQ64YNWJqCaGK26yYjoki1NiaKrYEd/nLq6TTqLsX9cb9Za15U9RRhhM4hXNw4QqacActaAOFBJ7hFd5Qil7QO/pYjJZQsXMMf4A+fwCAjpH8</latexit>

yi
<latexit sha1_base64="CMeo3qgA0fe10oqNZAvhM6UoIXM=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GfFirOw1nDrxK3JLUoUR7WPvyRjFNIyYNFUTrgeskxs+JMpwKNqt6qWYJoVMyZgNLJYmY9vN55hk+t8oIh7GyTxo8V39v5CTSOosCO1lk1MteIf7nDVIT3vg5l0lqmKSLQ2EqsIlxUQAeccWoEZklhCpus2I6IYpQY2uq2hLc5S+vkm6z4V42mg9X9dZtWUcFTuEMLsCFa2jBPbShAxQSeIZXeEMpekHv6GMxuobKnRP4A/T5A4IVkf0=</latexit>

yi+1
<latexit sha1_base64="2gD+YqLI8Y9AS5WEqNEHrhwesuc=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEEoSRV0GXRjcsK9gFtCJPppB06mYSZSSGE/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W2vrG5tb25Wd6u7e/sGhfXTcUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS/87pRKxWLxpLOEehEeCRYygrWRfNseRFiPgzDPZn7OLt2Zb9ecujMHWiVuSWpQouXbX4NhTNKICk04VqrvOon2ciw1I5zOqoNU0QSTCR7RvqECR1R5+Tz5DJ0bZYjCWJonNJqrvzdyHCmVRYGZLHKqZa8Q//P6qQ5vvZyJJNVUkMWhMOVIx6ioAQ2ZpETzzBBMJDNZERljiYk2ZVVNCe7yl1dJp1F3r+qNx+ta866sowKncAYX4MINNOEBWtAGAlN4hld4s3LrxXq3Phaja1a5cwJ/YH3+AKeAk6o=</latexit>

yi+1  f⇥(xi,yi)
<latexit sha1_base64="PJWVZOn0+cuZmoSjcOa6/kS2FpU=">AAACKXicbVDJSgNBFOxxN25Rj14ag6AoYSYKegx68aiQDTJh6Om8MY09C91v1DDM73jxV7woKOrVH7GzCGosaCiq6tHvlZ9IodG2362p6ZnZufmFxcLS8srqWnF9o6HjVHGo81jGquUzDVJEUEeBElqJAhb6Epr+9dnAb96A0iKOathPoBOyq0gEgjM0klesuiHDnh9k/dzLxL6TU1dCgEyp+JYGnlvrAbLd79Bd7okD+mNE7HnFkl22h6CTxBmTEhnjwis+u92YpyFEyCXTuu3YCXYyplBwCXnBTTUkjF+zK2gbGrEQdCcbXprTHaN0aRAr8yKkQ/XnRMZCrfuhb5KDJfVfbyD+57VTDE46mYiSFCHio4+CVFKM6aA22hUKOMq+IYwrYXalvMcU42jKLZgSnL8nT5JGpewcliuXR6Xq6biOBbJFtskuccgxqZJzckHqhJN78kheyKv1YD1Zb9bHKDpljWc2yS9Yn18Wvqe9</latexit>

LSTM  
GRU (popular in CG)
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Single Image Facial Relighting [Sun et al. 2019, Siggraph]
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Single Image Facial Relighting [Sun et al. 2019, Siggraph]



CreativeAI: Deep Learning for Computer Graphics

• CNN features: style versus content 

• UNet: for (image) translation problems 
• UNet + Skip connection: preserves details 

• UNet + Skip + global features: access to global/non-local information 
• Autoencoder: category-specific non-linear basis 
• Conditional decoder: auxiliary input  

(e.g., user control, environmental variables)

What We Learned?
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Network as a Parameterization
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Network as a Parameterization

argmin
s

X

i

L(Ii, R(s, Ci))
<latexit sha1_base64="M7tP06Fqrng+TIkfCZPCFMpId2I=">AAACF3icbVDLSgMxFM3UV62vqks3wSK0UMpMFXRZ7EbBRRX7gM4wZNK0DU0yQ5IRytC/cOOvuHGhiFvd+Tem7Sy09cCFwzn3cu89QcSo0rb9bWVWVtfWN7Kbua3tnd29/P5BS4WxxKSJQxbKToAUYVSQpqaakU4kCeIBI+1gVJ/67QciFQ3FvR5HxONoIGifYqSN5OcrLpIDl1PhK+iqmPsUuhzpIUYsuZkU4bVPy/CuqMp1n5Zgyc8X7Io9A1wmTkoKIEXDz3+5vRDHnAiNGVKq69iR9hIkNcWMTHJurEiE8AgNSNdQgThRXjL7awJPjNKD/VCaEhrO1N8TCeJKjXlgOqc3q0VvKv7ndWPdv/ASKqJYE4Hni/oxgzqE05Bgj0qCNRsbgrCk5laIh0girE2UOROCs/jyMmlVK85ppXp7VqhdpnFkwRE4BkXggHNQA1egAZoAg0fwDF7Bm/VkvVjv1se8NWOlM4fgD6zPHx54nfE=</latexit>
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Network as a Parameterization

argmin
s

X

i

L(Ii, R(s, Ci))
<latexit sha1_base64="M7tP06Fqrng+TIkfCZPCFMpId2I=">AAACF3icbVDLSgMxFM3UV62vqks3wSK0UMpMFXRZ7EbBRRX7gM4wZNK0DU0yQ5IRytC/cOOvuHGhiFvd+Tem7Sy09cCFwzn3cu89QcSo0rb9bWVWVtfWN7Kbua3tnd29/P5BS4WxxKSJQxbKToAUYVSQpqaakU4kCeIBI+1gVJ/67QciFQ3FvR5HxONoIGifYqSN5OcrLpIDl1PhK+iqmPsUuhzpIUYsuZkU4bVPy/CuqMp1n5Zgyc8X7Io9A1wmTkoKIEXDz3+5vRDHnAiNGVKq69iR9hIkNcWMTHJurEiE8AgNSNdQgThRXjL7awJPjNKD/VCaEhrO1N8TCeJKjXlgOqc3q0VvKv7ndWPdv/ASKqJYE4Hni/oxgzqE05Bgj0qCNRsbgrCk5laIh0girE2UOROCs/jyMmlVK85ppXp7VqhdpnFkwRE4BkXggHNQA1egAZoAg0fwDF7Bm/VkvVjv1se8NWOlM4fgD6zPHx54nfE=</latexit>

argmin
s

X

i

L(Ii, R(D(z), Ci))
<latexit sha1_base64="/2K+hhHVE49PpD7BccT5/V4vXdA="></latexit>
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Network as a Parameterization

argmin
s

X

i

L(Ii, R(s, Ci))
<latexit sha1_base64="M7tP06Fqrng+TIkfCZPCFMpId2I=">AAACF3icbVDLSgMxFM3UV62vqks3wSK0UMpMFXRZ7EbBRRX7gM4wZNK0DU0yQ5IRytC/cOOvuHGhiFvd+Tem7Sy09cCFwzn3cu89QcSo0rb9bWVWVtfWN7Kbua3tnd29/P5BS4WxxKSJQxbKToAUYVSQpqaakU4kCeIBI+1gVJ/67QciFQ3FvR5HxONoIGifYqSN5OcrLpIDl1PhK+iqmPsUuhzpIUYsuZkU4bVPy/CuqMp1n5Zgyc8X7Io9A1wmTkoKIEXDz3+5vRDHnAiNGVKq69iR9hIkNcWMTHJurEiE8AgNSNdQgThRXjL7awJPjNKD/VCaEhrO1N8TCeJKjXlgOqc3q0VvKv7ndWPdv/ASKqJYE4Hni/oxgzqE05Bgj0qCNRsbgrCk5laIh0girE2UOROCs/jyMmlVK85ppXp7VqhdpnFkwRE4BkXggHNQA1egAZoAg0fwDF7Bm/VkvVjv1se8NWOlM4fgD6zPHx54nfE=</latexit>

argmin
s

X

i

L(Ii, R(D(z), Ci))
<latexit sha1_base64="/2K+hhHVE49PpD7BccT5/V4vXdA="></latexit>

di
m
(z
)⌧

di
m
(s
)

<latexit sha1_base64="rO3p93ZceZXA88fXda7wwpN+hnY=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhacJuFLQM2lhGMA9IljA7O5sMmX0wc1eMS0obf8XGQhFbP8HOv3GSbBETD1w4nHMv997jxoIrsKwfI7eyura+kd8sbG3v7O6Z+wdNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzh9cRv3TOpeBTewShmTkD6Ifc5JaClnnncBfYAqceDcemxjLtC4DlFlXtm0apYU+BlYmekiDLUe+Z314toErAQqCBKdWwrBiclEjgVbFzoJorFhA5Jn3U0DUnAlJNOHxnjU6142I+krhDwVJ2fSEmg1ChwdWdAYKAWvYn4n9dJwL90Uh7GCbCQzhb5icAQ4Ukq2OOSURAjTQiVXN+K6YBIQkFnV9Ah2IsvL5NmtWKfVaq358XaVRZHHh2hE1RCNrpANXSD6qiBKHpCL+gNvRvPxqvxYXzOWnNGNnOI/sD4+gViUpmO</latexit>
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Network as a Parameterization

argmin
s

X

i

L(Ii, R(s, Ci))
<latexit sha1_base64="M7tP06Fqrng+TIkfCZPCFMpId2I=">AAACF3icbVDLSgMxFM3UV62vqks3wSK0UMpMFXRZ7EbBRRX7gM4wZNK0DU0yQ5IRytC/cOOvuHGhiFvd+Tem7Sy09cCFwzn3cu89QcSo0rb9bWVWVtfWN7Kbua3tnd29/P5BS4WxxKSJQxbKToAUYVSQpqaakU4kCeIBI+1gVJ/67QciFQ3FvR5HxONoIGifYqSN5OcrLpIDl1PhK+iqmPsUuhzpIUYsuZkU4bVPy/CuqMp1n5Zgyc8X7Io9A1wmTkoKIEXDz3+5vRDHnAiNGVKq69iR9hIkNcWMTHJurEiE8AgNSNdQgThRXjL7awJPjNKD/VCaEhrO1N8TCeJKjXlgOqc3q0VvKv7ndWPdv/ASKqJYE4Hni/oxgzqE05Bgj0qCNRsbgrCk5laIh0girE2UOROCs/jyMmlVK85ppXp7VqhdpnFkwRE4BkXggHNQA1egAZoAg0fwDF7Bm/VkvVjv1se8NWOlM4fgD6zPHx54nfE=</latexit>

argmin
s

X

i

L(Ii, R(D(z), Ci))
<latexit sha1_base64="/2K+hhHVE49PpD7BccT5/V4vXdA="></latexit>

di
m
(z
)⌧

di
m
(s
)

<latexit sha1_base64="rO3p93ZceZXA88fXda7wwpN+hnY=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhacJuFLQM2lhGMA9IljA7O5sMmX0wc1eMS0obf8XGQhFbP8HOv3GSbBETD1w4nHMv997jxoIrsKwfI7eyura+kd8sbG3v7O6Z+wdNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzh9cRv3TOpeBTewShmTkD6Ifc5JaClnnncBfYAqceDcemxjLtC4DlFlXtm0apYU+BlYmekiDLUe+Z314toErAQqCBKdWwrBiclEjgVbFzoJorFhA5Jn3U0DUnAlJNOHxnjU6142I+krhDwVJ2fSEmg1ChwdWdAYKAWvYn4n9dJwL90Uh7GCbCQzhb5icAQ4Ukq2OOSURAjTQiVXN+K6YBIQkFnV9Ah2IsvL5NmtWKfVaq358XaVRZHHh2hE1RCNrpANXSD6qiBKHpCL+gNvRvPxqvxYXzOWnNGNnOI/sD4+gViUpmO</latexit>
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• CNN features: style versus content 
• UNet: for (image) translation problems 
• UNet + Skip connection: preserves details 
• UNet + Skip + global features: access to global/non-local information 
• Conditional decoder: auxiliary input  

(e.g., user control, environmental variables) 
• Autoencoder: category-specific non-linear basis  

• Sequences: RNN, LSTM, GRU (not covered in this course) 

• CG-specific functions: custom blocks embedded into networks  
(e.g., camera model, differentiable rendering) 

• Learned regularizer: Optimize over learned network (e.g., decoder)

What We Learned?
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Course Information (slides/code/comments)

http://geometry.cs.ucl.ac.uk/
creativeai/


