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Motivation

3D Gaussian Splatting (3DGS)

Impressive visual quality for novel-view synthesis
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Motivation

Challenge with 3DGS: Photometric loss alone yields ambiguous geometry
in texture-less areas

Existing solutions still produce curved surfaces

PGSR: multi-view consistency DN-Splatter: depth & normal priors
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Method Overview

We introduce planar priors for holistic supervision via the LP3 pipeline.
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Language-Prompted Planar Priors (LP3)

Flexible prompts to the foundation model: (GroundedSAM)
”wall, floor, door, screen, window, ceiling, table”

LP3 pipeline: (a) to supplement detection & (b)(c)to refine segmentation
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Planar Prior Supervision

Plane-guided initialization: Supplement SfM points in planar regions via
depth priors.

Ps = Dr (ps) · K−1p̃s ps ∈ pr (1)

Gaussian flattening: Enable Gaussians to conform to the local surface.

Ls = ||min(s1, s2, s3)||1 (2)

Co-planarity constraint: Enforce Gaussians in one planar region to stay on
the same plane.

Am = (QT
n Qn + ϵE )−1QT

n Ym (3)

Dp(p) = (AT
mK

−1p̃)−1 (4)

Lp =
1

Np

∑
p∈pr

∥Dp(p)− D̂(p)∥ (5)

The pr represents the planar regions according to the planar priors.
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Geometric Prior Supervision

Prior depth constraint: Scale-corrected prior depth from multi-view
foundation model(DUSt3R)

Lrd =
1

Nlt

∑
p∈lt

Mcof (p) · ||Dr (p)− D̂(p)||2 (6)

Prior normal constraint: Normal prior generated from the depth prior

Lrn = ||Ndr − N̂d ||1 + (1− Ndr · N̂d) (p ∈ pr) (7)

Depth-normal consistency: Between the rendered normal map and the
normal map generated from the rendered depth map

Ldn =
1

Nlt

∑
p∈lt

·||N̂d(p)− N̂(p)||1 (8)

The lt represents the low-texture regions generated from the Canny edge detector on
RGB.
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Ablation Study

LP3 pipeline: Inaccurate planar priors lead to worse reconstruction results.

Constraints: Each contributes significantly to the final high-quality outcome.
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Ablation Study

Quantitative results of module effectiveness

Pre-proc. Opt. Constraints Metrics
Planar Prior Co-planar. Geom. Prior DN Consist. Acc↓ Comp↓ CD↓ F1↑ NC↑
ZeroPlane ✓ ✓ ✓ 4.76 5.73 5.25 62.49 82.41

GroundedSAM ✓ ✓ ✓ 2.95 3.92 3.43 80.22 84.66

LP3 pipeline - ✓ ✓ 2.83 3.53 3.18 85.62 84.63
LP3 pipeline ✓ - ✓ 4.63 5.01 4.82 73.96 80.62
LP3 pipeline - - ✓ 6.93 6.26 6.59 64.11 74.42
LP3 pipeline ✓ ✓ - 2.57 3.17 2.87 88.19 81.95

LP3 pipeline ✓ ✓ ✓ 2.55 3.40 2.98 87.32 85.28

Robustness to the foundation models and prompts used

Pre-proccessing Metrics
MV-FM VL-FM Prompts Acc↓ Comp↓ CD↓ F1↑ NC↑
VGGT GroundedSAM regular 3.96 6.32 5.14 75.41 88.85
DUSt3R YoloWorld+SAM regular 2.92 5.56 4.24 80.96 89.04
DUSt3R GroundedSAM more prompts 2.88 5.50 4.19 81.43 89.32

DUSt3R GroundedSAM regular 2.80 5.45 4.13 81.90 89.88
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Results
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Results

Up to 36.8% relative improvements on the MuSHRoom dataset.

Simultaneously ensure high-quality novel view synthesis.

Surface Reconstruction NVS
Acc↓ Comp↓ CD↓ F1↑ NC↑ PSNR↑ SSIM↑ LPIPS↓

3DGS 12.01 11.85 11.92 38.53 62.00 25.79 0.8775 0.2059
2DGS 9.16 10.27 9.71 51.50 73.65 25.67 0.8744 0.2265
GOF 15.65 8.50 12.07 42.57 61.47 24.76 0.8646 0.2189
PGSR 7.52 13.50 10.51 59.11 73.27 25.73 0.8761 0.2250
QGS 8.53 10.02 9.28 55.15 73.66 24.37 0.8624 0.1994

DN-Splatter 6.25 5.29 5.77 61.86 77.13 24.80 0.8549 0.2595
Ours 3.95 5.02 4.49 77.14 83.35 26.42 0.8874 0.2141
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Result

Compared with previous SOTA and the feed-forward model, PlanarGS
achieves up to 43.4% and 62.8% relative improvements in surface
reconstruction accuracy on the Replica dataset.

ScanNet++ Replica
Acc↓ Comp↓ CD↓ F1↑ NC↑ Acc↓ Comp↓ CD↓ F1↑ NC↑

DUSt3R 9.70 6.64 8.17 38.17 75.27 7.52 7.18 7.35 44.89 68.19

3DGS 11.02 10.12 10.57 31.78 77.65 12.40 12.75 12.57 41.64 69.83
2DGS 6.89 6.52 6.7 53.46 88.20 9.02 12.05 10.54 52.91 82.28
GOF 7.76 6.42 7.09 57.99 74.75 9.77 8.31 9.04 54.08 74.34
PGSR 7.32 7.13 7.22 53.73 87.30 7.32 9.79 8.56 62.98 83.30

DN-Splatter 4.88 3.44 4.16 75.86 82.06 4.95 6.25 5.60 68.12 80.80
Ours 3.86 3.46 3.66 82.78 90.52 2.80 5.45 4.13 81.90 89.88
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Results

Project page: https://planargs.github.io/ for more information.

video link
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Thank you!
Q&A
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