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Problem & Motivation
● Quantify and analyze structures of 

individual Gaussians in 3DGS
● Improve needle-like artifacts and 

surface geometry of the reconstruction 
results.

● Adopt Effective rank for analyzing the 
Gaussian structure and regularization

Contribution
● Gaussian Structure Analysis: We 

analyze Gaussian primitive structures 
and their training dynamics via 
effective rank, finding convergence to 
anisotropic forms with one dominant 
variance.

● Optimal Gaussian Structure: We 
identify that disk-like Gaussians are 
preferred structure.

● Effective Rank Regularization: We 
introduce a regularization method to 
reduce needle-like artifacts in 3DGS, 
enhancing geometry reconstruction.

● Compatibility: Our method is a 
modular add-on for 3DGS variants, 
improving geometry without sacrificing 
visual quality.

Effective Rank

Effective Rank Analysis

Results

Effective Rank Regularization

● Directly leverage the effective rank for 
regularization
○ logarithmic term suitable for loss function

● Spherical Gaussian: erank(G)≈3
○ Biased, inadequate for representing surfaces

● Needle-like Gaussian: erank(G)≈2
○ Artifacts, holes, Inadequate for representing 

surfaces
● Disk-like Gaussians for unbiased & efficient 

surface representation


