SharpGS: Sharpness-Preserving 3D Gaussian Splatting with Differentiable Blur-Driven Density Control
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Motivation
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quality gain.

Ground truth

values into a blur map.

. Standard 3DGS density control relies mair
. However, gradient-based densification car
. SImply lowering the threshold increases pri

3DGS renderings

. A coarse 3DGS reconstruction locally resembles a b
. High blur reveals primitives that fail to represent loca
. SharpGS assigns each Gaussian a learnable blur level and renders these

Contributions

Blur map

ly on positional gradient.
miss high-frequency details.
mitives but gives only marginal

Blur as a Densification Cue

Blurred GT

urred GT image.

detalls.

. Introduction of blur as an effective perceptual cue for enhancing 3DGS for
the quality of high-frequency details;

. Blur-driven density control scheme for 3DGS, which leverages per-primitive

blur for selective refinement;

. Blur-adaptive regularization schemes to effectively suppress redundant
false positive primitives.

. Each primitive has a learnable blur level & , which is rendered into a blur map %rx.
. The per-primitive blur &is optimized by the differentiable blur by matching the GS

. High-blur primitives are split or cloned when ERIs=J@®.
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Experimental Results

Blur-Driven Density Control

. Overall, when SharpGS is integrated into the baselines, it consistently improves them to superior
qualrty with fewer primitives.

The improvements are especially visible in grass, intricate textures, and detailed indoor patterns.
Ground truth 3DGS Ours + 3DGS Pixel-GS Ours + Pixel-GS

rendering gswith a blurred GT image a{ 1 F Gssimitd F ht &ssm&55+[kHo

R ||_ ®|_C

Blur-Aware Regularization

Detarl -aware werght (wd) : Renderings

. 10 suppress unnecessary blur in smooth regions, we use a detarI aware weight map Se

. It can trigger unnecessary densification. We thus attenuate opacity Kaccording to &

. They must prove their contribution through training; otherwise, they are pruned.

computed from the difference between the GT image and its heavily blurred version:

N\
I -
“ . Rt R SRR ; By ¢ T 7B TG TR ) + FariNG T
| T, Mok, - L SRR N AR “ : Y
; T A T S g e F R He P
. ol A :
st ¢ P ) Vi e e X 5 \
. 4 WS AL Y ! N 7 .
iU P Gl T . R ¥ \

R Tl B2
= > =l ’ y 5", M Al s ‘:,,;7:.7 -: ;=‘,~,<,- / oy
= - v, gt R SN e S SIS e g e (S
,_ L AT B o |
Ground truth | W/o opacrty attenuatron W/ opacity attenuation '} 2 8

Acknowledgement

. Primitives spanning heterogeneous regions may reoerve high € from nearby details.
This work was supported in part by the Mid-career Research Program and CRC Program through

the NRF Grants (Nos. RS-2024-00339681 and RS-2023-00221186), and IITP grants (No. RS-
2024-004546606), funded by the Korea government (MSIT). Correspondence concerning this
article can be addressed to Sungkil Lee.

@ F %AUA Kt %EAU‘M .

l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
|



