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Volumetric Video

Xiaowei Zhou

712
) M
<‘7 ZHEJIANG UNIVERSITY



Spatial Video in Vision Pro



CHINAZDV 2025

EFGaussian Splattingfiy
R AE4DZEERINA

FMERR, R, TR, SHR, B

4D Spatial Video

K Gaussian Splatting RFHXARKFALR,
MRESNERER T IENRR, MERBIEH
BB S EERAREH LN OB+
m mm MTLAEVR&E




| —
41\ P
B \ B 0\

su=giy
EEmrEe
mEwmE I

r A

r/‘lr’—"‘_.._,"ii/

J" J '-'J!j//,/l ool



l Volumetric video
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I 3D scene representations for volumetric video

Tri

| Surface representation l | Volume representation |

Hard to optimize with rendering loss, Easy to optimize with rendering loss,
8

resulting in limited rendering quality resulting in good rendering quality
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Recent work extending 3DGS to 4D
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4DGS Trajectory + 3DGS

Spacetime Gaussian Feature Splatting for Real-Time Dynamic
View Synthesis, CVPR 2024
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4D-Rotor Gaussian Splatting: Towards Efficient Novel View @
Synthesis for Dynamic Scenes, SIGGRAPH 2024

Real-time Photorealistic Dynamic Scene Representation and @ Shape of Motion: 4D Reconstruction from a Single Video
Rendering with 4D Gaussian Splatting, ICLR 2024
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I Challenge 1: Fast and complex motion

Hard to optimize

4DGS-Based Motion
Entangled Spatial and temporal
dimension

Trajectory-Based Motion
Over-parameterization of trajectory




FreeTimeGS

1) Disentangle geometry and motion

2) Piece-wise linear motion

-
Lrs(®) = 5 3 (7 sglo(8))
=1
Opactiy regularization

Ground truth

S Gaussian primitives at anytime anywhere }-

@ FreeTimeGS: Free Gaussian Primitives at Anytime Anywhere for Dynamic Scene Reconstruction, CVPR 2025







I Challenge 2: Representing long volumetric video

Challenge :
- Large training cost and
storage usage

Goal:

- Long videos

- SOTA gquality!

- Real-time Rendering!

18000 + Frames (10 + Minutes)




I Representing long volumetric video

Temporal Gaussian Hierarchy
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Long Volumetric Video: 5mins

Full Rendering

@ Representing Long Volumetric Video with Temporal Gaussian Hierarchy, SIGGRAPH Asia 2024 (Journal Track)




I Temporal Gaussian Hierarchy

Building a hierarchical structure of Gaussian primitives to represent scene
content with different levels of motion
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I Compact Appearance Model

Insight: activating SH based on gradients -> compact model size

SH Coefficients

Spherical Harmonics )Rear,ange

Compact Storage

- Degree m i
- Param count: 3x(m+1)? o / Encoding
) X-
OLY )
cocee OO

Specular SH  Diffuse RGB

Optimization

- Compute gradient as if all SH params are
enabled

- Only SH entries with gradient larger than
threshold will be updated

- Other values are kept at O

Long Volumetric Video: 5mins

View-Dep. Non-Dep. Full Rendering
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EasyVolcs/

An open-source PyTorch library
tO accelerate volumetric video research

https://github.com/zju3ddv/EasyVolcap



EasyVolcap Codebase
From Dataset to Training to Output
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File
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EasyVolcap Codebase

Modular Volumetric Video Algorithm Pipeline

Sampling Strateg
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EasyVolcap Codebase
High-performance Interactive Viewer

¥ 1200x900 37.153 fps

e p———— Configurable IMGUI
python components

High-performance
1 oo e s PyTorch-to-screen copy
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» Alignment

Cross-platform support
by GLFW (Win & Linux)

Camera path editor for
S R animation control

Enable breakpoint (if defined in -




I Unsolved problems

Reconstruction from sparse/single views
Real-time reconstruction

Relighting and editing

Compression and streaming

Generation

26



Thank you

https://github.com/zju3dv
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