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Summary :

* Goal
* Online 3D Gaussian Splatting (3DGS) modeling from RGB frames

NVS based on Gaussian uncertainty
» Select non-keyframes observing the most uncertain Gaussian

* Gaussian uncertainty :
Upi = @14p; + a4,

* Previous Approach: Monocular Dense SLAM *  An;: Largest eigenvalue of Cov
* A,;. Gaussian gradients

Novel View Selection (NVS)

* Point clouds generated from low-resolution depth maps hinder dense
reconstruction
 Monocular depth prediction leads to depth inconsistencies

First NVS

» Reliance solely on keyframes is insufficient to capture the entire scene

(d) W/ or W/o Novel View Selection (NVS)

Second NVS

w/0 NVS

(a) Low-Res. Depth  (b) Depth Prediction (c¢) Multi-View Stereo
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Third NVS

w/ NVS

Highest Uncertainty

Lowest Uncertainty
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* Results
to—

* Key Idea
* Employ online MVS to estimate depth maps and initialize Gaussians
» Select non-keyframes by estimating Gaussian uncertainty
» Use non-keyframes to further train 3DGS and fill incomplete regions

Method

* Frontend

» System Framework with Parallel Frontend-Backend Operation

Geometric Aware

: : Frontend Backend .
* Build keyframe pose graph and sparse depths via DROID-SLAM > \ Keyframe <— ~  Keyframe . b Not Selected
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* Estimate high-resolution depth maps from keyframes within a s - ’ — — - a4 S
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* Generate new Gaussians from the MVS depth maps for each £ .
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keyframe and integrate them into the 3DGS model e Keytranes gg-ig;gm;
 Independently of the frontend, continuously train the 3DGS : I R g Ucerainty
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* Non-keyframes selected through NVS are also used for training
* Qualitative results on Aerial and T&T » High vs. Low Uncertainty Visualization
® Ground Truth Renderin Uncertainty Ma
* Results for Replica dataset o — . acrtanty Map
» Quantitative results on Replica evaluation set E
Method Offtf Offtl Off2 Off3 Off4i Rm0 Rml Rm2 Avg %
PSNR 1 8
Q-SLAM 36.31 3722 30.68 3021 3196 29.58 3274 3125 32.49 b
MonoGS 3200 3121 2326 2577 2385 2353 2500 2242 25.88 £
Splat-SLAM  40.81 40.64 35.19 35.03 37.40 3225 3431 3595 36.45 £
Photo-SLAM  36.99 37.52 31.79 3162 3417 2977 3130 33.18 3329 g
MGS-SLAM 3551 3425 30.83 31.86 3438 2991 31.06 3149 3241 = —— D
MVS-GS 41.02 4204 3400 3465 3333 3220 3154 3584 3558 SO o . I E
Ours 4393 4398 37.98 3631 3959 3488 37.99 39.60 39.28
SSIM T PSNR 1 SSIM + LPIPS | Uncertainty Value |
Q-SLAM 094 094 09 088 089 083 091 087 089 High Uncertainty 19.609 0.632 0.193 12369
MonoGS 090 088 082 084 08 075 079 081 083 L il 28787 0,809 0.1% 14620
Splat-SLAM 097 099 097 097 097 096 097 096 097
Photo-SLAM 096 095 093 092 094 087 091 093 0093
MGS-SLAM 094 093 090 092 095 08 090 091 092 S . . . . . .
MVS-GS 098 098 095 096 095 095 092 096 096 _—y [1]13D Gaussian splatting for real-time radiance field rendering,
Ours 09 09 0% LEITSi 098 0% 0% 0% 098 — ACM Transactions on Graphics, 2023.
OSLAM 013 015 020 o019 o015 o015 o016 o015 ou > — [2] MV SFormer: Multi-View Stereo by Learning Robust Image
MonoGS$ 023 022 030 024 034 033 035 039 030 Features and Temperature-based Depth, TMLR, 2023.
gﬂﬁgg}iﬁ E;%é Eﬂg % % E Sjﬁ'ﬁ % % % [3] Photo-SLAM: Real-time Simultaneous Localization and
MGS-SLAM 007 0.1 0.2 007 008 008 009 009 009 ot -
My oo 005 005 005 007 OI0 010 013 007 008 : gy, N s N Photoreahsug Mappmg ..., CVPR, 2024 | | |
Ours 002 002 003 003 003 004 004 003 0.03 PSNR: 23.10 SSIM: 0.67 PSNR: 25.66 SSIM: 0.72 PSNR: 32.20 SSIM- 0.95 [4] MVS-GS: High-Quality 3D Gaussian Splatting Mapping via

Online Multi-View Stereo, IEEE Access, 2025
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