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Abstract

Recent advances in 3D Gaussian splatting have significantly improved real-
time novel view synthesis, yet insufficient geometric constraints during scene
optimization often result in blurred reconstructions of fine-grained details, par-
ticularly in regions with high-frequency textures and sharp discontinuities. To
address this, we propose a comprehensive optimization framework integrating
multisample anti-aliasing (MSAA) with dual geometric constraints. Our system
computes pixel colors through adaptive blending of quadruple subsamples, effec-
tively reducing aliasing artifacts in high-frequency components. The framework
introduces two constraints: (a) an adaptive weighting strategy that prioritizes
under-reconstructed regions through dynamic gradient analysis, and (b) gradient
differential constraints enforcing geometric regularization at object boundaries.
This targeted optimization enables the model to allocate computational resources
preferentially to critical regions requiring refinement while maintaining global
consistency. Extensive experimental evaluations across multiple benchmarks
demonstrate that our method achieves state-of-the-art performance in detail
preservation, particularly in preserving high-frequency textures and sharp discon-
tinuities, while maintaining real-time rendering efficiency. Quantitative metrics
and perceptual studies confirm statistically significant improvements over base-
line approaches in both structural similarity (SSIM) and perceptual quality
(LPIPS).
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b PRS- B I T A 3 A i s R0 N AT R TR R, FR AT
5 3DGS FHIFE M5 B U Gh T iX e Bdim 4 . rd  vE O A )i D1 25 8o R A T 1 5
AL . B ma Al EEENAE AR, B,

Datasets | Mip-NeRF360 | Tanks & Temples | Deep Blending
Methods | SSIM + PSNR 1 LPIPS | | SSIM 1+ PSNR 1 LPIPS || SSIM {1 PSNR {1 LPIPS |
Plenoxels 0.626 23.08 0.463 0.719 21.08 0.379 0.795 23.06 0.510
INGP 0.671 25.30 0.371 0.723 21.72 0.330 0.797 23.62 0.423
Mip-NeRF360 0.792 27.69 0.237 0.759 22.22 0.257 0.901 29.40 0.245
3DGS 0.815 27.21 0.214 0.841 23.14 0.183 0.903 29.41 0.243
Pixel-GS 0.823 27.67 0.193 0.856 23.74 0.151 0.896 28.91 0.248
AbsGS 0.820 27.49 0.191 0.853 23.73 0.162 0.902 29.67 0.236

Ours(3DGS) 0.819 27.62 0.207 0.851 23.79 0.165 0.900 29.52 0.246
Ours(Pixel-GS) | 0.830 27.68 0.189 0.865 23.75

0.1 0907 2892  0.242
Ours(AbsGS) | 0.829 2751 | 0188 | 0.862 2374 0.1

45
57 0.906 29.69 0.230

TEFATT A TE Je B EAE S, AT T =AM EsmIRE. |6, N T RIREME
Will%, FEEGPEBBORA T 4x MSAA, FRBEIES A, XA RSTEfMA
JESCR RFAE R SRR R A TR o HUR, FRATTIY A SR AR 15 2Kl DI
H RIS AR, AT SR PR S R 1 A PR AR R I s, TR
B R A P AN B AR T, A TAE T P R LS PR R B AR JE 2 R R, 5 BT
125 B AR R R 8P . A Pytorch MERUP ] Adam fRALSRUEATIISR, SR
MSAA %] 3DGS fEHEF, FF5E A, Ao, As 4 0.8, 0.2 Fi1 0.1,
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Table 2: 7£ Mip-NeRF360 44 [ EAL LR . SSIM 1 Hl PSNR 1 Je il 5
i + RFRIRANTA A 3DGS pywcit; LPIPS | Bflftkly, H — kFR
TATH I ¥EM L 3DGS [t A T /AT H i I 35 B R N AT A 2 TRl R4 T
5, FAE S 3DGS MR A B I Zhix e Bdm e . A YA A R i 2R 85 1t
gk,  BfESS Raan.

Datasets ‘ bicycle ‘ bonsai ‘ counter

Methods‘ SSIM 1 PSNR 1 LPIPS | ‘ SSIM 1 PSNR 1 LPIPS | ‘ SSIM PSNR 1 LPIPS |
3DGS 0.745 25.08 0.245 ‘ 0.947 32.36 0.179 0.915 29.11 0.182
Ours 0.758 (40.013) 25.23 (+0.15) 0.222 (-0.023) 0.949 (+0.002) 32.44 (+0.08) 0.173 (-0.006)|0.918 (4-0.003) 29.12 (40.01) 0.175 (-0.007)
Datasets flowers ‘ garden kitchen

Methods SSIM 1 PSNR 1 LPIPS | SSIM 1 PSNR 1 LPIPS | SSIM PSNR 1 LPIPS |
3DGS 0.589 21.40 0.358 0.856 27.28 0.122 0.931 31.32 0.116
Ours  |0.606 (+0.017) 21.69 (+0.29) 0.339 (-0.019) 0.863 (+0.007) 27.41 (+0.13) 0.109 (-0.013)|0.934 (+-0.003) 31.45 (+0.13) 0.111 (-0.005)
Datasets room stump treehill

Methods SSIM 1 PSNR 1 LPIPS | SSIM 1 PSNR 1 LPIPS | SSIM PSNR 1 LPIPS |
3DGS 0.926 31.70 0.196 0.768 26.63 0.243 0.635 22.52 0.346
Ours 0.929 (40.003) 31.78 (+0.08) 0.186 (-0.010) 0.778 (+0.010) 26.81 (40.18) 0.224 (-0.019)|0.643 (+0.008) 22.63 (+0.11) 0.327 (-0.019)

Ground Truth
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o
=5

Ground Truth 3DGS 3DGS+MSAA

Fig. 10: MSAA JHEISCEAIEE R . 3DGS TEEAHNE G4 H R L T — AR TFAERY AR
Oy, MRAR T RS RATEMUE . IA MSAA J7ik)s, FRAFEE A YOS R oA 3
WA T HB . 2SS AL R DI, A 2 A P 2 ST A

TN AR ANGE o FARRIE, AT e 5 bR AT 3DGS+MSAA
Al BDGS+AWS+GDC, FBH A & W IR I8 1 AL 25 & i P 3 2s . AWS R
Pidi 5 2 F AR 22 sl A R RE R M DI A B L . X — LR 2 P i S % e R Ak
DI, SR T NSNS, TR IR AR AN S A S T A D
W EREDI A B0 . #hFE AWS, GDC 25 7E 6 38 25 0] o il A 40 15 2 2 1Al i
B, ARAWE T, FIRE SR E SR A % . Ik 3 hE R
IE, AT 2B MELAE H B & s & E AT 3DGS+MSAA, [a] it i T 57
1 3DGSH+HAWS+GDC Bl . X8 BUESLFATH AR AR A UF#E D T MSAA
TEALTRIE Z BRI ) SRR, I8 EL AT 24 o SR B S A AR L A A A A SR

2 &5k
SERUL, BN IER G RIMALIHR . MSAA FIEE L2 L3Ok B 3D @il
Mk AN/ N R AR A R N B A Bk Gl RIS R AR i H G A, 3
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Table 3: %} Mip-NeRF360 i1 Tank & Temples $#E & 47 4@ 5286, SSIM + 1
PSNR 1 [W{E# R AT LPIPS | W{EAGESE.  HefERa M B ma o5l
EARCUR 1L - QL

Methods \ Mip-NeRF360 \ Tank & Temple \ Deep Blending
|SSIM 1+ PSNR 1 LPIPS ||SSIM 1 PSNR 1 LPIPS | |SSIM 1+ PSNR 1 LPIPS |
3DGS 0.815  27.21 0.214 | 0.841  23.14 0.183 | 0.903 29.41 0.243
3DGS+MSAA 0.812  27.50 0.221 0.844  23.69 0.178 | 0.899  29.48 0.246
3DGS+AWS+GDC| 0.816  27.45 0.210 | 0.846  23.66 0.170 | 0901 29.44  0.244
Ours 0.819  27.62 0.207 | 0.851  23.79 0.165 | 0.900  29.52 0.246

IR IEA RO IR AT A R m i X, (R MSAA G T Hiii Rl 5. 1ot
SEG M IE YR BES IR B B S BRI G BRI, FRATTAY 5 YA BT 167 B I ik
KU T RFRUGHE, HAEREAN T B IR T R TERE

3
A

o FlEErhSE/SEPPEMaE (5 AL 0PI LR v DAR & B IR ARAE) - 1735 P ]
TeSGASCNEM KL FHER 2
o KA ASCR T AR CAE SRR RIS 7T .
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