Real-time Dynamic Scene Reconstruction
Using a Single RGBD Camera
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Research Background

Multiple sensors to get 2D information

KinectFusion: Real-time static 3D reconstruction

dynamic 3D reconstruction



Research Background

Skype/FaceTime

Automultiscopic Display (USC ICT Graphics Lab)



Two Projects

e Real-time Geometry, Albedo and Motion Reconstruction Using a
Single RGB-D Camera (SIGGRAPH17)

* BodyFusion: Real-time Capture of Human Motion and Surface
Geometry Using a Single Depth Camera (ICCV17)



Real-Time Geometry, Albedo, and Motion
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Offline Multiview Volumetric Performance Capture

[Starck and Hilton, 2007], [Liu et al., 2009] [Vlasic et al. 2009], [Debevec, Light Stage], [Collet et al. 2015]




Real-time Multiview Volumetric Performance Capture

[Fusion4D, Dou et al. 2016], [Holoportation, Orts-Escolano et al. 2016] _6-



Real-time Single-view Volumetric Capture




Related Works — Single-view Performance Capture

..h.-.;

Smgle-wew 3D Scanning Real-time Templates Tracking
[Dou et al. CVPR15] [Zollhofer et al. SIGGRAPH14]

DynamicFusion VolumeDeform
[Newcombe et al. CVPR15] [Innmann et al. ECCV16]



System Overview
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Key Idea

Good Correspondences

Good Albedo Results

Good Tracking Results
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Algorithm Overview
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Joint Optimization of Motion and Illumination

Frame t-1 . | | B Framet
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Joint Optimization of Motion and Illumination
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Joint Optimization of Motion and Illumination
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Joint Optimization of Motion and Illumination
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Joint Optimization of Motion and Illumination
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Joint Optimization of Motion and Illumination
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(b) Current Lighting




Shading Based Motion Tracking
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observation our results [Newcombe et al. 2015] [Innmann et al. 2016] 22



Shading Based Motion Tracking
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Update Geometry and Albedo Model
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Resolving Voxel Collision

Motion Field

Canonical Voxels ;

Collided at Live Frame
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Resolving Voxel Collision

Erroneous Surface Erroneous Surface

Collided Voxels i i .
in Canonical Frame INn Live Frame

Correct Surface in
Canonical Frame

Correct Surface in
Live Frame
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Update Geometry and Albedo Model

Color Lighting

Albeo Updated Abedo
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Volumetric Optimization of Albedo
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Volumetric Optimization of Albedo
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Volumetric Optimization of Albedo

. _ I

a,treg— t 1(){)—3 (X)HQ
XEVIL Vt 1

albedo (A) shadlng _I_ Weas Easreg _I_

(\V)

-30-



Effects of Albedo Fusion

input color direct blending

our method

-31-



Effects of Albedo Fusion

-

input color albedo map

normal map
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Effects of Albedo Fusion
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PCG (Preconditioner Conjugate Gradient), e
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[Zollhofer et al. 2014], [Weber et al. 2013]



Comparison

our result

[Newcombe et al. 2015]
(our implementation)

[Innmann et al. 2016
(our implementation)
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Application of Free Viewpoint Video

Virtual Camera 0 Virtual Camera 1 Virtual Camera 2
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Application of Holographics




Application of Real-time 3D Self-portrait




Video Editing
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Limitations

specular fast motions close-to-open
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BodyFusion: Real-Time Capture of Human Motion
and Surface Geometry Using a Single Depth Camera

Tao Yul2, Kaiwen Guo?, Feng Xu?, Yuan Dong!, Zhaoqgi Su?,
Jianhui Zhao?, Jianguo Li3, Qionghai Dai?, Yebin Liu?

Beihang University!  Tsinghua University? Intel Labs China3
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BodyFusion: Background & Related Works

Fusion4D

'DynamicFusion
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BodyFusion: Background & Re

lated Works

DynamicFusion Human Body Re

Canonical Model Reconstruction

construction Result
& .

Warped Model
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BodyFusion: Background & Related Works

VolumeDeform Human Body Reconstruction Result
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BodyFusion: Background & Related Works

BodyFusion Human Body Reconstruction Result
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BodyFusion: History (Solution1)

_
??

Update Non-rigid Motion

Non-rigid Tracking

DynamicFusion
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BodyFusion:

History (Solution1)
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BodyFusion: History (Solution?2)

DynamicFusion
Skeleton Tracking
&

Update Non-rigid Motion

Non-rigid Tracking

Geometry Fusion
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BodyFusion: History (Solution2)
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BodyFusion: History (Solution3)

BodyFusion

V.

Coorperative Deformation: Geometrv Fusion
Skeleton + Non-rigid !
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BodyFusion: Overview
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BodyFusion: Attachment Update
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Attachment Update
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BodyFusion: Coorperative Deformation
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BodyFusion: Coorperative Deformation

Et. — )\n Enonrigid + )\S Eskeleton + )\g Egra,ph + /\bEbinding
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BodyFusion: Evaluation — Binding Term

Using Kinect v2

#
5

BodyFusion without binding term
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BodyFusion: Evaluation — Graph Term

smooth term smooth term
based on attachment used in DynamicFusion

_58-



BodyFusion: Depth Integration

Fusion: Depth
Integration

Canonical Canuﬁical
model C;—; model C; -59-




BodyFusion: More Results

Boxing

Using Kinect vl
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BodyFusion: Comparisons

Dancing
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BodyFusion

: Limitations
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