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What is volumetric video
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Spatial Video in Vision Pro
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Volumetric video
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3D scene representations for volumetric video
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高斯表达 绘制结果网格表达 绘制结果 Gaussian primitives RenderingTriangle mesh Rendering

Hard to optimize with rendering loss, 
resulting in limited rendering quality

Easy to optimize with rendering loss, 
resulting in good rendering quality
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4K4D: Real-Time 4D View Synthesis at 4K Resolution
CVPR 2024



Recent work extending 3DGS to 4D
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Real-time Photorealistic Dynamic Scene Representation and 
Rendering with 4D Gaussian Splatting, ICLR 2024

4D-Rotor Gaussian Splatting: Towards Efficient Novel View 
Synthesis for Dynamic Scenes, SIGGRAPH 2024

Spacetime Gaussian Feature Splatting for Real-Time Dynamic 
View Synthesis, CVPR 2024

Shape of Motion: 4D Reconstruction from a Single Video



Challenge 1: Fast and complex motion

4DGS-Based Motion
Entangled Spatial and temporal 

dimension

Hard to optimize

Trajectory-Based Motion
Over-parameterization of trajectory



FreeTimeGS

1) Disentangle geometry and motion

2) Piece-wise linear motion

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





Challenge 2: Representing long volumetric video
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Challenge :
- Large training cost and 

storage usage

Goal:
- Long videos
- SOTA quality!
- Real-time Rendering!

4DGS

Goal



Representing long volumetric video

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

Temporal Gaussian Hierarchy Compact Appearance Model



Temporal Gaussian Hierarchy
Building a hierarchical structure of Gaussian primitives to represent scene 
content with different levels of motion
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Gaussian Splats in Segments
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Insight: activating SH based on gradients -> compact model size

Spherical Harmonics
- Degree m
- Param count: 3x(m+1)2

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 0

Compact Appearance Model



4DGS [Yang et al.]: 300 Frames

Out of Memory

Ours: 6000 Frames +





An open-source PyTorch library
to accelerate volumetric video research

https://github.com/zju3dv/EasyVolcap



EasyVolcap Codebase
From Dataset to Training to Output



EasyVolcap Codebase
Modular Volumetric Video Algorithm Pipeline



EasyVolcap Codebase
High-performance Interactive Viewer

Configurable IMGUI 
python components

High-performance 
PyTorch-to-screen copy

Cross-platform support 
by GLFW (Win & Linux)

Camera path editor for 
animation control



Unsolved problems

• Reconstruction from sparse/single views
• Real-time reconstruction
• Relighting and editing
• Compression and streaming
• Generation
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Thank you
https://github.com/zju3dv
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