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e Quantify and analyze structures of
individual Gaussians in 3DGS

e Improve needle-like artifacts and
surface geometry of the reconstruction
results.

e Adopt Effective rank for analyzing the
Gaussian structure and regularization

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

e Optimal Gaussian Structure: We

identify that disk-like Gaussians are
preferred structure.

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

e Compatibility: Our method is a
modular add-on for 3DGS variants,

improving geometry without sacrificing
. visual quality. /
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o e . o . o o Method 24 37 40 55 63 65 69 83 97 105 106 110 114 118 122 Mean Std. PSNR
Deﬁnltlon 1 (EffeCtlve rank)' The effeCtlve rank Of the matrix A 18 COHClsely .deﬁned as erank(A') — 3DGS 214 153 208 168 349 221 143 207 222 175 179 255 153 152 150 196 052 3282
exp{ H (Qla go, " ,q L)}, where H (Ql, go, " ,q L) is the Shannon entropy given by 3IDGS+e 0.85 0.77 0.88 051 121 145 096 130 209 072 086 145 087 094 066 1.03 039 33.09
SuGaR 147 133 1.13 061 225 171 115 163 162 107 079 245 098 088 079 133 052 3159
SuGaR+e 086 0.78 0.89 053 128 145 087 131 160 0.72 086 145 087 094 066 1.00 033 3176
2DGS 048 091 039 039 101 083 081 136 127 076 070 140 040 076 052 080 033 3243
H (ql, gs,*** ,q L Z q; log q;- 2DGS+e 046 0.86 039 040 096 084 081 129 119 072 070 132 040 0.75 050 077 030 3257
GOF 050 082 037 037 1.12 078 073 1.18 129 071 077 09 044 069 049 074 028 32.88
GOF+e 045 066 032 042 097 078 064 1.13 122 064 062 070 040 053 048 0.66 026 33.01
erank 3 erank 2 erank 1.65 erank 1.25 erank 1.08
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Baselines Baselines + erank reg.
. . . Lerank = Z Aerank Max(— log(erank(Gy) — 1+ €),0) + s3
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. e Directly leverage the effective rank for
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o logarithmic term suitable for loss function
: e Spherical Gaussian: erank(G)=3
C o Biased, inadequate for representing surfaces
fo 15 20 25 30 10 15 20 25 30 10 15 20 25 39 e Needle-like Gaussian: erank(G)=2
o Artifacts, holes, Inadequate for representing
% 15000 15000 15000 Surfaces
e Disk-like Gaussians for unbiased & efficient
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