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Point-Based Rendering and Radiance Fields 

density 
transmittance color 

intervals 

neural point-based 



1. 3D position

2. opacity 𝛼
3. anisotropic covariance

4. spherical harmonic (SH) coefficients 

Reasonably 

Compact, Unstructured, Precise 

representation of the scene 

➢ fast GPU sorting algorithms 

➢ tile-based rasterization 

introduce 3D Gaussians optimization of the properties real-time rendering 



DIFFERENTIABLE 3D GAUSSIAN SPLATTING 

→ model the geometry as a set of 3D Gaussians 

→ 3D Gaussians to 2D projection for rendering 

viewing transformation 
covariance matrix 

 (camera coordinates)

Jacobian

3D covariance matrix

(world space)

rotation matrix

(quaternion 𝑞) scaling matrix

(3D vector 𝑠)



OPTIMIZATION WITH ADAPTIVE DENSITY CONTROL OF 3D GAUSSIANS 

1. 3D position

2. opacity 𝛼
3. anisotropic covariance

4. spherical harmonic (SH) coefficients 

Optimize (Render and Compare)

3D to 2D projection → incorrectly placed geometry Create/destroy/move geometry 

large homogeneous areas → small number of large anisotropic Gaussians 

Adaptive Control of Gaussians (number & density/unit volume)

Sparser → Denser

Populate empty areas

Remove transparent Gaussians

→ focuses on regions 
missing geometric features (under-reconstruction) 

Gaussians cover large areas (over-reconstruction)

Remove Gaussians (large in worldspace/viewspace)







FAST DIFFERENTIABLE RASTERIZER FOR GAUSSIANS 

➢ splitting the screen into 16×16 tiles 

➢ cull 3D Gaussians against the view frustum and each tile 

➢ only keep Gaussians with a 99% confidence interval intersecting the view frustum 

Goals: fast overall rendering and fast sorting 

 - allow approximate 𝛼-blending 

 - avoid hard limits on the number of splats (receive gradients) 

→ tile-based rasterizer for Gaussian splats 

➢ instantiate each Gaussian (number of overlapping tiles) → combines (view space depth & tile ID)

➢ assign each instance a key 

➢ sort Gaussians based on these keys 

➢ produce a list for each tile 





























Q&A
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