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Interaction With 3D Avatars 

Blade Runner 2049 (2017)



Virtual Assistants / AI Chatbots

Can it get it delivered by today?

Sure, our deliveries are usually made 
between 7:00 AM and 6:00PM

OMG! Nice!



Virtual Shopping

Amazon





Espionage

Associated Press



Microsoft 2019



Digital Humans



VFX Production

Weta Digital (2014)



Game Production

Epic Games / Cubic Motion / 3Lateral  (2018)



Digitizing Faces



High-End Capture

USC ICT



Full Geometry and Reflectance Inference 

Yamaguchi et al. 2018



Unconstrained Pictures



Deep Face Normalization



Overview



Illumination Normalization



Expression Normalization



Comparison



Deep Face Normalization



Live Demo [later!]

Pinscreen 2019



Pinscreen App

www.pinscreen.com

http://www.pinscreen.com


Pinscreen 2019



Facial Performances



Pinscreen 2018



Deep Learning-Based Face Synthesis

Nagano et al. 2018



Nagano et al. 2018



US Congress holds hearing on Deepfakes
6/13/2019



Deep Fake: FaceSwap



Deep Fake: Puppet Master



Hair Capture
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Data-Driven Hair Modeling



Unstructured Data



Input

Direct Hair Regression



Orientation Field Occupancy Field

Volumetric Hair Representation



Volumetric Hair Representation



Self Reconstruction Check



816 portrait images [Hu et al. 2015]

+

USC-HairSalon dataset

Training Data



Deep Learning for Hair Modeling

Saito et al. (2018)





Deep Learning for Hair Modeling

Saito et al. (2018)













Human Body



Single-View	Depth-Sensor	Capture	(CVPR	2018)	
• Clothed+naked subjects modeling in real-time 

• Problem: Depth Sensor, Limited Pose, Restricted Volume 

Body/Performance Capture



3D Photogrammetry



Sparse View Volumetric Capture



Sparse View Volumetric Capture



Sparse View Volumetric Capture

Multi-View	RGB	Capture	(ECCV	2018)	
• Clothed subjects modeling + Fast motion 
• Problem: Calibrated multi-view system, no naked body estimation



Silhouette-based  
[Natsume et al. 19]

Mesh [Kanazawa et al. 18]

Voxel [Varol et al. 18]

Single View Prior Work



Ryota Natsume*, Shunsuke Saito*, Zeng Huang, Weikai Chen, Chongyang Ma, Hao Li,  
Shigeo Morishima. "SiCloPe: Silhouette-Based Clothed People". CVPR 2019 (oral). 

Single View Prior Work



Using an Effective 3D Representation



Using an Effective 3D Representation



Inferring Texture



Voxel (Explicit)

❌ Limited resolution ✅ Continuous representation

Implicit Surface

Key Insight: Memory Efficiency



Global image 
representation 

❌ Local detail lost ✅ Local detail preserved

Fully-convolutional  
image representation

Spatial Alignment



FV
fully convolutional  

image encoder

X
z

x

✅ Memory Efficient
✅ No Discretization
✅ Preserves Local Detail
✅ Arbitrary Surface Topology

x

input

PIFu (           )∀x, ∀z

f( , ) = inside/ 
outsidez

FV(x)

Pixel-Aligned Implicit Function (PIFu)



View 1

Tex-PIFu (           )

RGB

Texture Inpainting Multi-view Incorporation

z1

x1

z2 x2

View 2

X

∀x, ∀z

fc( , ) =z

MV-PIFu (           )∀x, ∀z
f(Fi(xi), zi) = Φi Φ̄ = mean({Φi})

General Framework



High-resolution Photogrammetry Scans 
[RenderPeople]

Photorealistic 
Rendering

442 x 360 = 159,120 images

Training Data



X
z

x

input

𝑥
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Tex-PIFu (           )

RGB

∀x, ∀z

fc( , ) =z

PIFu (           )∀x, ∀z

f( , ) =z
inside/ 
outside

Training Method



Marching  
Cube

reconstructed  
geometry

textured  
reconstruction

n-view inputs

Tex-PIFu

3D occupancy field

PIFu

(n ≥ 1)

Human-Digitization Pipeline



Results (Single Input Photo)



Results (Single Input Photo)



Results (Single Input Photo)



Results (Single Input Photo)



More Results



More Results



Results (Multi-View)







Results (Video Input)



Any objects?



Rendering



Differentiable Rendering



Differentiable Rendering



Differentiable Rendering



Differentiable Rendering



Differentiable Rendering



Differentiable Rendering



Differentiable Rendering



Differentiable Rendering

Liu et al. 2019



Shape Optimization



Target Initial Soft Rendering Difference

3D Pose Estimation



3D Pose Estimation



Single-View Digitization



Single-View Digitization



Comparisons



github.com/ShichenLiu/SoftRas

http://github.com/ShuchenLiu/SoftRas


Arbitrary Topologies?



Learning Implicit Functions via 2D Supervision

Liu et al. 2019



Differentiable Rendering (Tables)

Liu et al. 2019



Differentiable Rendering (Chairs)

Liu et al. 2019



Differentiable Rendering (Airplanes)

Liu et al. 2019



AI-Driven Graphics



Generate



Disinformation & Privacy Concerns are Real



Virtualization / Personalization



From Virtual to Physical



Thanks!


