Universal Beta Splatting
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- lllustration
o 3D Gaussian Splatting: While fast for static scenes, it — ___ )

struggles with view-dependent effects (needing complex I NS . A~ j

Spherical Harmonics) and dynamic motion (requiring separate i e E /N i .

deformation networks). i : i
o 6D/7D Gaussian Splatting: Extends to time and view but K

uses a single symmetric profile, which prevents independent
control over geometry sharpness, specular reflections, and
temporal behavior;, cannot generalize well on real-world
datasets.

o Goal: Create a single unified primitive that maintains efficiency
while providing both cross-dimension correlations and
iIndependent, per-dimension modeling for complex lighting and
dynamics.

o ND Parameterization:
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" s 3DGS/4DGS 6DGS/7DGS UBS-6D/7D (Ours)
o= ( *”) , XY= (Z"B E‘”q) Dataset
Hq qr g PSNR+ SSIM?T LPIPS| | PSNRt SSIM1 LPIPS] | PSNRT SSIM?T LPIPS,
O Spatial-orthogonal Cholesky: NeRF Synthetic | 33.79 0970 0.030 | 33.60 0.967 0.034 | 3492 0975 0.026
Mip-NeRF 360 | 27.43 0.814 0218 | 2635 0.738 0.298 | 28.66 0.840 0.184
I AN (Rm dli;ag(sm) 0 ) 6DGS-PBR 27.40 0929 0.100 | 36.68 0.970 0.055 | 40.10 0.979 0.039
_ : .

_ ‘ tag(sq)) _ 7DGS-PBR 2774 0933 0077 | 3175 0955 0055 | 33.00 0966 0.046
o First-order Taylor Approximation for Rotation: D-NeRF 32.09 0.963 0.040 | 32.84 0965 0.039 | 33.35 0.965 0.038

Table 1: Fidelity comparison on static and dynamic benchmarks
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o Beta-Modulated Conditioning:

B(:U, I, Z, b) — (1 . T(J}))'B(b), B(b) — 4exp(b), = R, ?“(213) = [0’ 1) Dataset 3DGS/4DGS 6DGS/7DGS UBS-6D/7D (OllI'S)
; FPSt Num| Mem| Train| | FPST Num| Mem] Train| | FPST Num] Mem, Train]
B =1Bs, Bo, B, Bars -+ Bac] Be = 4exp(bs) o = explby) NeRF Synthetic | 695.6 289.3K 68.5 3.6 | 648.0 240.7K 69.8 12.7 | 345.7 300.0K 40.1 87
B 1 B Mip-NeRF 360 | 178.7 3.3M 7759 21.7 | 1574 2.0M 5812 819 | 1004 3.1M 4090 252
Halq = Ha + Xog X, Diag(B8,) (g — pq), 6DGS-PBR 3059 147.7K 349 16.8 |339.8 843K 244 222 2902 300.0K 40.1 27.7

_ 1y

Yizlg = Vo — Baq X, Diag(8q) Xga, 7DGS-PBR 192.6 642.0K 613.1 1272 | 3760 884K 29.7 116.7 |359.6 2343K 394 59.9
g D-NeRF 206.4 2553K 380.3 52.6 | 377.8 438K 16.0 50.7 | 3682 168.8K 28.4 42.1

d™ = (L, (q — pq))i,

J(ﬂ:, q) — B(:E; ﬂjglqj 2;1!'(_}'3 bﬂ?) ’ O(Q)

d; = tanh(dgaw) - [0, 1), O(q) =0 H(l _ di)q‘ﬁihﬁ
1=1

Table 2: Efficiency comparison on static and dynamic benchmarks
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