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3DGS is fast and the rendered images are photorealistic



Topics

• The historic context of 3DGS
• Present: 3DGS and its recent progress
• Future discussions

https://repo-sam.inria.fr/fungraph/3d-gaussian-splatting/


The Historic Context of 3DGS

• 3D Representations: Mesh, Point Cloud, Implicit Surface/Neural Field, etc.
• Volumetric Rendering
• Point Based Graphics

Some slides are borrowed from
• ECCV’22 Tutorial on  Neural Volumetric Rendering for 

Computer Vision 
• MIT 6.S980 – ML for Inverse Graphics – Vincent Sitzmann



Polygonal Meshes
• Vertices + Faces (often triangles)
• Voronoi tessellation
• Piecewise linear

– Attributes: colors, normals , textures

3D Representations



Implicit Surfaces and Neural Fields
• Signed distance field (SDF)
• Note:

– Explicit function: y=f(x)

– Implicit function: x2+y2-1=0

3D Representations



Implicit Surfaces and Neural Fields
• Neural Radiance Field or NeRF
• Objects as radiance/density fields

– implicit fields (e.g. MLP)--> NeRF

– explicit fields (e.g. 3D Gaussian Splatting)

• (Differentiable) Volumetric Rendering

Volume Rendering

𝜎𝜎,𝐶𝐶
density radiance

3D Representations

Light Field Representation



Point Clouds
• Set of 3D points with (x, y, z) coordinates
• Associated attributes

– Color

– Normal

3D Representations



Point Clouds
• 3D Gaussian Splatting

Matsuki, Murai, Kelly, Davison. Gaussian Splatting SLAM, CVPR 2024

3D Representations
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• Volumetric Rendering
• Point Based Graphics
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Surface vs. volume rendering
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Want to know how ray interacts with scene



History of volume rendering
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History of volume rendering

Kajiya 1984, Ray Tracing Volume Densities
Chandrasekhar 1950, Radiative Transfer

‣ Theory of volume rendering co-opted from physics in the 
1980s: absorption, emission, out-scattering/in-scattering

‣ Adapted for visualising medical data and linked with 
alpha compositing

‣ Modern path tracers use sophisticated Monte Carlo 
methods to render volumetric effects

Ray tracing simulated cumulus cloud [Kajiya]
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Levoy 1988, Display of Surfaces from Volume Data
Max 1995, Optical Models for Direct Volume Rendering

Kajiya 1984, Ray Tracing Volume Densities
Chandrasekhar 1950, Radiative Transfer

Porter and Duff 1984, Compositing Digital Images

‣ Theory of volume rendering co-opted from physics in the 
1980s: absorption, emission, out-scattering/in-scattering

‣ Volume rendering applied to visualise 3D medical scan 
data in 1990s 

Medical data visualisation [Levoy]
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History of volume rendering



Volumetric formulation for NeRF
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Scene is a cloud of tiny colored particles

Max and Chen 2010, Local and Global Illumination in the Volume Rendering Integral



Volumetric formulation for NeRF
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If a ray traveling through the scene hits 
a particle at distance 𝑡𝑡 along the ray, 
we return its color 𝐜𝐜(𝑡𝑡)

Camera

Ray 𝐫𝐫(𝑡𝑡) = 𝐨𝐨 + 𝑡𝑡𝑡𝑡

𝑡𝑡

𝐜𝐜(𝑡𝑡)

𝑡𝑡1

𝑡𝑡𝑁𝑁

Camera

Ray

𝑡𝑡𝑛𝑛+1

𝑡𝑡1 𝑇𝑇𝑖𝑖

𝛼𝛼𝑖𝑖

𝑡𝑡𝑖𝑖
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Volumetric formulation for 3DGS
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Volumetric formulation for 3DGS: Discretization & Rasterization



M. Zwicker, H. Pfister, J. van Baar, and M. Gross. 2001. EWA volume splatting. IEEE Conference on Visualization (VIS), 2001. 
The specific volumetric rendering method used by 3DGS is the following one:



The Historic Context of 3DGS

• 3D Representations: Mesh, Point Cloud, Implicit Surface/Neural Field, etc.
• Volumetric Rendering
• Point Based Graphics
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• ECCV’22 Tutorial on  Neural Volumetric Rendering for 
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Point Set Surfaces, IEEE Visualization 2001 Neural Point-Based Graphics, ECCV 2020, video

Pulsar: Efficient sphere-based neural rendering, CVPR 2021

https://youtu.be/2uIe4iD4gSY


Topics

• The historic context of 3DGS
• Present: 3DGS and its recent progress
• Future discussions

https://repo-sam.inria.fr/fungraph/3d-gaussian-splatting/


Present: 3DGS, and how to make it stronger 
and better

• 3DGS
• Directions for improvement



• What is 3DGS
• 3D surface representation: a cloud of 3D Gaussian blobs
• Differentiable and rasterized volumetric renderer
• Configuring the 3D points' locations by optimization

• A glimpse of 3DGS applications

• (Possible) issues with the original 3DGS work

3D Gaussian Splatting (3DGS)



A visual illustration of the 3D Gaussian blobs (source: What is 3D Gaussian Splatting?)

3D Gaussian Splatting (3DGS)

• 3D point cloud as basis, 
• each 3D point wrapped with Gaussian blob, 
• "water-tight", 
• color based on spherical harmonics

https://www.youtube.com/watch?v=Tnij_xHEnXc&t=131s


• What is 3DGS
• 3D surface representation: a cloud of 3D Gaussian blobs 
• Differentiable and rasterized volumetric renderer
• Configuring the 3D points' locations by optimization

• A glimpse of 3DGS applications

• (Possible) issues with the original 3DGS work

3D Gaussian Splatting (3DGS)



Recall: volumetric formulation for NeRF
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If a ray traveling through the scene hits 
a particle at distance 𝑡𝑡 along the ray, 
we return its color 𝐜𝐜(𝑡𝑡)

Camera

Ray 𝐫𝐫(𝑡𝑡) = 𝐨𝐨 + 𝑡𝑡𝑡𝑡

𝑡𝑡

𝐜𝐜(𝑡𝑡)

𝑡𝑡1

𝑡𝑡𝑁𝑁

Camera

Ray

𝑡𝑡𝑛𝑛+1

𝑡𝑡1 𝑇𝑇𝑖𝑖

𝛼𝛼𝑖𝑖

𝑡𝑡𝑖𝑖



29

Volumetric formulation for 3DGS
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Volumetric formulation for 3DGS: Discretization & Rasterization



M. Zwicker, H. Pfister, J. van Baar, and M. Gross. 2001. EWA volume splatting. IEEE Conference on Visualization (VIS), 2001. 
The specific volumetric rendering method used by 3DGS is the following one:



• What is 3DGS
• 3D surface representation: a cloud of 3D Gaussian blobs 
• Differentiable and rasterized volumetric renderer
• Configuring the 3D points' locations by optimization

• A glimpse of 3DGS applications

• (Possible) issues with the original 3DGS work

3D Gaussian Splatting (3DGS)



3D Gaussian Splatting (3DGS)

Controlling the 3D points' locations by optimization



• What is 3DGS

• A glimpse of 3DGS applications
• Visual SLAM
• ….

• (Possible) issues with the original 3DGS work

3D Gaussian Splatting (3DGS)



A glimpse of 3DGS applications

Guikun Chen and W. Wang, A Survey on 3D Gaussian Splatting, arXiv March 2025



A glimpse of 3DGS applications

Y Bao, T Ding, J Huo, Y Liu, Y Li, W Li, Y Gao, J Luo3D Gaussian Splatting: Survey, Technologies, Challenges, and Opportunities, IEEE Transactions on Circuits and Systems for Video Technology, 2025



• What is 3DGS

• A glimpse of 3DGS applications
• Visual SLAM
• ….

• (Possible) issues with the original 3DGS work

3D Gaussian Splatting (3DGS)



Jianhao Zheng et al. WildGS-SLAM: Monocular Gaussian Splatting SLAM 
in Dynamic Environments, CVPR 2025
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3DGS in building and interior designs: 3DGS + visual SLAM in Inria Campus:


Captured with Snagit 2019.1.7.6461  

Webcam - Integrated Camera  

Microphone - Microphone Array (Realtek(R) Audio)






Captured with Snagit 2019.1.7.6461  

Webcam - Integrated Camera  

Microphone - Microphone Array (Realtek(R) Audio)







• What is 3DGS

• A glimpse of 3DGS applications

• (Possible) issues with the original 3DGS work

3D Gaussian Splatting (3DGS)



• (Possible) issues with 3DGS
• Significant memory consumption
• Somewhat bumpy surface representation
• Adapt the locations and shapes the cloud of 3D Gaussian blobs
• Issues with shadows and relighting, in comparison to physics based rendering (ray tracing)
• Static 3D scenes, no temporal capacity
• No learning involved, in comparison to NeRF

• Directions for improvement
• Faster and less memory consumption
• Less bumpy surface representation
• Better basis as a cloud of 3D points
• Issues with shadows, relighting, and improving rendering quality
• Temporal 3DGS
• Learning based approaches

3D Gaussian Splatting (3DGS)



• What is 3DGS
• Directions for improvement

• Faster and less memory consumption
• Less bumpy surface representation

• 2DGS / Gaussian Surfel
• Better basis as a cloud of 3D points
• Issues with shadows and improving rendering quality
• Temporal 3DGS
• Learning based approaches
• Attribute extension

3D Gaussian Splatting (3DGS)



2D Gaussian Splatting for Geometrically Accurate Radiance Fields, ACM Siggraph, 2024, demo video

SuGaR: Surface-Aligned Gaussian Splatting for Efficient 3D Mesh Reconstruction and High-Quality Mesh Rendering, CVPR 
2024

precise and extremely fast mesh extraction from 3DGS
• a regularization term encourages the Gaussians to align well 

with the surface of the scene
• exploits this alignment to extract a mesh from the Gaussians 

using Poisson reconstruction, which is fast, scalable, and 
preserves details, in stead of the Marching Cubes

https://dl.acm.org/doi/pdf/10.1145/3641519.3657428
https://www.youtube.com/watch?v=oaHCtB6yiKU
https://anttwo.github.io/sugar/


• What is 3DGS
• Directions for improvement

• Faster and less memory consumption
• Less bumpy surface representation
• Better basis as a cloud of 3D points
• Issues with shadows and improving rendering quality
• Temporal 3DGS
• Learning based approaches
• Attribute extension

3D Gaussian Splatting (3DGS)



3D Gaussian Splatting as Markov Chain Monte Carlo, NeurIPS 2024
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• What is 3DGS
• Directions for improvement

• Faster and less memory consumption
• Less bumpy surface representation
• Better basis as a cloud of 3D points
• Issues with shadows and improving rendering quality

• Neural Renderer
• Ray tracing

• Temporal 3DGS
• Learning based approaches
• Attribute extension

3D Gaussian Splatting (3DGS)



Neural Point-Based Graphics, ECCV 2020



• What is 3DGS
• Directions for improvement

• Faster and less memory consumption
• Less bumpy surface representation
• Better basis as a cloud of 3D points
• Issues with shadows and improving rendering quality

• Neural Renderer
• Ray tracing

• Temporal 3DGS
• Learning based approaches
• Attribute extension 

3D Gaussian Splatting (3DGS)



3D Gaussian Ray Tracing: Fast Tracing of Particle Scenes, Siggraph Asia 2024, project website

https://gaussiantracer.github.io/


Relightable 3D Gaussian: Real-time Point Cloud Relighting with BRDF Decomposition and Ray Tracing, ECCV 2024



• What is 3DGS
• Directions for improvement

• Faster and less memory consumption
• Less bumpy surface representation
• Better basis as a cloud of 3D points
• Issues with shadows and improving rendering quality
• Temporal 3DGS
• Learning based approaches
• Attribute extension 

3D Gaussian Splatting (3DGS)



4D Gaussian Splatting for Real-Time Dynamic Scene Rendering, CVPR 2024

https://guanjunwu.github.io/4dgs/





• What is 3DGS
• Directions for improvement

• Faster and less memory consumption
• Less bumpy surface representation
• Better basis as a cloud of 3D points
• Issues with shadows and improving rendering quality
• Temporal 3DGS
• Learning based approaches

• Learning Gaussian blobs
• Attribute extension 

• 3D Large language field, and the connection to large language models (LLMs), VLMs (e.g. SAM)

3D Gaussian Splatting (3DGS)



L3DG: Latent 3D Gaussian Diffusion, Siggraph Asia 2024

https://barbararoessle.github.io/l3dg/

diff





MaskGaussian: Adaptive 3D Gaussian Representation from Probabilistic Masks, 
Arxiv, Dec. 2024

Key idea: 3D Gaussian points are probabilistic entities.

GaussTR: Foundation Model-Aligned Gaussian Transformer for 
Self-Supervised 3D Spatial Understanding, Arxiv, Dec. 2024



Zero-1-to-G: Taming Pretrained 2D Diffusion Model for Direct 3D Generation, arXiv, Jan. 2025














• What is 3DGS
• Directions for improvement

• Faster and less memory consumption
• Less bumpy surface representation
• Better basis as a cloud of 3D points
• Issues with shadows and improving rendering quality
• Temporal 3DGS
• Learning based approaches
• Attribute extension

• 3D Large language field, and the connection to large language models (LLMs), VLMs (e.g. SAM)

3D Gaussian Splatting (3DGS)



LangSplat: 3D Language Gaussian Splatting, CVPR 2024

https://langsplat.github.io/


Topics

• The historic context of 3DGS
• Present: 3DGS and its recent progress
• Future discussions

https://repo-sam.inria.fr/fungraph/3d-gaussian-splatting/


Some Thoughts on the future of (AI-assisted) 
Rendering

• Is 3DGS the final/winning rendering pipeline?
• How AI/deep learning will contribute in rendering?
• What will be the next “stable” GPU?

• Polygonal mesh based 3D surface representation and its rendering pipeline
• PBR, i.e. ray tracing
• AI compute: convolution, transformer, gradient-based optimization
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