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Differentiable Surface Splatting(DSS)

• A high-fidelity differentiable renderer for point cloud.
• Gradients for point locations and normals.
• Regularization terms.
• Application to inverse rendering for geometry synthesis and denoising.
• Outperforming state-of-the-art.



What is DR(Differentiable Renderer) ?

• Takes scene-level information θ such as geometry, lighting, material 
and camera position as input, and outputs a synthesized image 𝐼𝐼. 

• Any changes in the image 𝐼𝐼 can be propagated to the parameter θ, 
allowing for image-based manipulation of the scene.



Existing DRs



Method Overview

• Forward Pass : Generate 2D image from 3D scene-level information

• Backward Pass: The information flow from rendered image I = 𝑅𝑅(θ)
to the scene parameters θ based on approximating the gradient 𝑑𝑑𝐼𝐼

𝑑𝑑θ
.

• Surface Regularization: Avoid local minima. Repulsion term and 
projection term.



Forward Pass - Surface Splatting



Forward Pass - Surface Splatting

• Isotropic Gaussian at position p for a point p_k:

• Screen space elliptical Gaussian weight at x for x_k:

• Final elliptical Gaussian weight:



Forward Pass

• Resulting truncated Gaussian weight:

• Final pixel value:



Forward Pass



Backward Pass

• Factorize the discontinuous       into fully differentiable term and 
discontinuous visibility term: 

• By omitting the impacts from normal to visibility(very small set of 
pixels), the chain rule is :



Backward Pass

• Only need to focus on                 , describes the change of a pixel 
intensity due to the visibility change of a point caused by its varying 
position.



Backward Pass

• 1D scenario



Backward Pass

• The final gradient is defined as the sum of both

• 3D scenario: similarly.



Surface Regularization

• Repulsion term: maximize distance between neighbors on a local 
projection plane.  



Surface Regularization

• Projection term: preserves clean surfaces by minimizing the distance 
from the point to the surface tangent plane.



Results



Results



Results



Results - denoising



Results - denoising



Discussion



Thank you!
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