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XR — a medium to make information
more useful and accessible and
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TVCG Honorable Mentions Award

A Log-Rectilinear Transformation for Foveated
360-Degree Video Streaming

David LiT, Ruofei Du*, Adharsh BabuT, Camelia Brumart, Amitabh Varshneyt

T University of Maryland, College Park ¥ Google Research
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Based on a public domain image from the Wikimedia Commons.&

© 2011 Morgan McGuire.



Foveated

Rendering

Wavelength
X 563 nm 534 nm498nm 420 nm
= 700 nm 600 nm ; 500 nm i 400 nm
4 v

e L LT L' ==

1
I
1
I
I
I
1
I
1
I
1
)
I
I
1
1
1

Log Relative Absorbance
by Human Photoreceptors

500 THz ! ' 600 THz | 700 THz
531 THz 561 THz602 THz 713 THz

© 2012 Morgan McGuire.

Frequency



Foveated

Rendering

Gunter et al. TOG 2012






Kernel Foveated
Rendering

Xiaoxu Meng, Ruofei Du, Matthias
Zwicker, Amitabh Varshney, 13D 2018,
PACM CGIT 2019 Most Read Paper.

Parameterized Log-Polar Transformation




Kernel Foveated
Rendering

Xiaoxu Meng, Ruofei Du, Matthias
Zwicker, Amitabh Varshney, 13D 2018,
PACM CGIT 2019 Most Read Paper.

G-buffer Kernel log-polar
transformation LP-buffer

A / = (0=3.0)
4 Shading &
internal anti-aliasing §
Inverse kernel
log-polar transformation
& post anti-aliasing  }
Screen

Albedo map Roughness, ambient, and
refraction maps

Texture coordinates

Gunter et al. TOG 2012



more foveation for the
non-dominant eye

Meng et al. TVCG 2020
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Log-Polar Transformation Log-Rectilinear Transformation

Log-polar vs.

Log-Rectilinear

equirectangular video frame

log-polar transformed buffer

projected log-polar foveated video frame projected log-rectilinear foveated video frame Li et al. TVCG 2021
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Log-polar vs.

Log-Rectilinear

Video Streaming Server

5

log-polar transformation log-polar buffer

stream - . - . -
to client periphery

input 360° video frame

log-rectilinear transformation log-rectilinear buffer

Lietal. TVCG 2021






Open-source

Video Streaming Server
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Request
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= % =

socket

FFmpeg
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Video Stream

OpenCL

Transforming into
a Full-resolution
Video Frame

Lietal. TVCG 2021
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MonoAvatar: Learning Personalized High Quality
olumetric Head Avatars from Monocular RGB Videos
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I3D 2024 Best Student
Paper Award

FaceFolds: Meshed Radiance Manifolds for Efficient
Volumetric Rendering of Dynamic Faces

Safa Medin, Gengyan Li, Ruofei Du, Stephan Garbin, Philip Davidson,
Gregory Wornell, Thabo Beeler, and Abhimitra Meka

Tt Google ¥ MIT

Technology




Appearance Decomposition Static Layered Mesh Per-Frame Layered Texture

Neural Radiance Manifolds b Our Representation -~ Volumetric 3D Performance









GazeChat

Enhancing Virtual Conferences With
Gaze-Aware 3D Photos

Zhenyi HeT, Keru WangT, Brandon Yushan Feng¥,
Ruofei Du§’, Ken Perlint”

T New York University
¥ University of Maryland, College Park
§ Google Research
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ChatDirector: Enhancing Video Conferencing with Space-Aware Scene
Rendering and Speech-Driven Layout Transition

Xun Qian Feitong Tan Yinda Zhang Brian Collins
xungian@google.com feitongtan@google.com yindaz@google.com briancollins@google.com

David Kim Alex Olwal Karthik Ramani Ruofei Du
kidavid@google.com olwal@acm.org ramani@purdue.edu me@duruofei.com
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The visual quality and FPS are reduced due to the video compression



Space-aware scene
rendering pipeline

Speech-driven layout
transition algorithm

’

Application scenarios &
user study

41



Space-aware scene
rendering pipeline

42



TensorFlow.js - G

Portrait Depth API: Turning a
Single Image into a 3D Photo
with TensorFlow.js

Portrait Avatar Rendering
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Speech-driven layout
transition algorithm
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Algorithm Output: Layout State

One-on-one

Pairwise

Fullview

45
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Visual Captions

Augmenting Verbal Communication with On-the-fly Visuals

Xingyu “Bruce” Liu, Vladimir Kirilyuk, Xiuxiu Yuan,
Alex Olwal, Peggy Chi, Xiang "Anthony" Chen, Ruofei Du

github.com/google/archat
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Thing2Reality

Transforming 2D Content into Conditioned Multiviews
and 3D Gaussian Objects for XR Communication

froarett = 3 - ' > 7 ‘&

Erzhen Hu, Mingyi Li, Xun Qian, Alex Olwal,
David Kim, Seongkook Heo, Ruofei Du
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Co-presence

Future Directions
The Ultimate XR Platform




Future Directions
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Future Directions
And look into the future
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Future Directions
Change the way we
communicate in 3D and
consume the information

language _—

No gap in space /



Invent the Future

Future Directions

Make a better world through

concrete inventions
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